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(I) Description of the Package for Radioactive Material

Transport

A. Purpose and Condition

(1)

(2)
(3)
(4)
(3)

(6)
(7)

(39)

Purpose for use of the package

The purpose of this package is to transport the
Tritium (25 g in the maximum) produced and refined
in foreign countries, as a hydride absorbed in a
getter (ZrCo), to the Tritium Process Laboratory of
the Japan Atomic Energy Research Institute.
Conceptual figure of the package is shown in

Fig. (I)-A.1l.

Nomination of the type of package:
TPL-92Y-450K

Type of package: BU-type package IAEA safety series
No. 6 (1985)

Limit of number of units: None

Limit array of units: None

Transport Index: 0

Maximum weight of package: 450 kg approx.
(including 23 kg approx. of the material to be
stored)

Outer dimension of package

(a) Outer diameter: 620 mm approx.

(b) Height: 1,200 mm approx.

Main materials used for the packaging

(a) Protective container:

Stainless steel + Balsa wood + Copper (Inner fin)
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(10)

(a)

(c)
(d)

(11)

(12)

(b) Primary container body: Stainless steel

(c) Spacer: Aluminum

Specification of radiocactive material to be
stored in the package

Kind of radioactive material

Tritium (Form of ZrCo (Zirconium « Cobalt Alloy)
hydride) '

Weight of radioactive isotope: 25 g in the maximum

Weight of tritium compound : approx. 775 g
Contents ZrCo ¢ approx. 750 g
Tritium : 25 g in the
max.

Quantity of radioactivity: max. 9.25 PBq/package
Heat generated: 25 W in the max. (The decay heat
generated by Tritium is 8W but the heat rejection
capability for the package has been specified as
25W.)

Capsule

(1) Maximum outer diameter: 220 mm approx.

(1i) Maximum height: 700 mm approx.

(iii) Weight: approx. 23 kg (inclusive of ZxrCo)
(iv) Material: Stainless steel

Method of transportation:

Land transport by trailer, sea transport by vessel
Oor air transport by freighter.

Cooling method: Natural cooling
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Section (I)-B Kind of Package
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(I)-B Kind of Package

(1) Kind in terms of package type
The package is categorized as Type B, according to the
reason that radiocactivity of the radioactive isotopes
to be contained in this packaging exceeds the value, A,.
(2) Package for fissile material transport
This article does not apply since this packaging never
contains any kind of fissile materials.
This package is defined as "BU-type package," since the main

purpose is to transport Tritium from overseas to Japan.

(1)-7



Section (I)-C Packaging
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(I)-C Packaging

This packaging consists of a primary container, a
protective container and a spacer.
C.1 Structure of Packaging
The packaging is a cylindrical shape of 620 mm in outer
diameter and 1,200 mm in height. The primary container,
which is the containment boundary of the package, is
contained in the protective container possessing the
function of a shock absorber. The primary container
consists of a primary container body and a primary
container lid. The protective container consists of a
protective container body and a protective container
lid. During transport, an aluminum spacer is installed
into the space between the primary container and the
protective container.
General assembly of the packaging is shown in Fig. (I)-

C.1. The state of transport is shown in Fig. (I)-C.2.

The containment boundary of the packaging is shown in

Fig. (I)-C.3.

The structure of the packaging is roughly described as

follows.

(1) Primary container body (Ref. Fig. (I)-C.4)
The primary container body is made of stainless
steel, having the outer diameter of 240 mm and the
height of 502 mm. The top of it is a flange struc-

ture having an outer diameter of 360 mm, which
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comprises the containment boundary by means of
being fastened with a primary container 1lid. There
are __ bolt holes through which the capsule is
fixed by bolts to the inside of the top-surface and
there are 16 bolt holes to fasten the primary con-
tainer lid at the outside of the top surface.
Helium is filled (initial filling pressure: 0.030
MPa « G) in the primary container during transport
in order to dissipate the decay heat from the
capsule which is the material to be stored of the
package, and to prevent the possibility of ZrCo's
degradation by contacting it with air by keeping
the helium pressure higher than the ambient
pressure.

On the hull part, there are two valves for the
purpose of gas purge and ventilation inside the
primary container. |
During transport, the valves are covered with a
valve cover. Since a valve Ccover becomes contain-
ment boundary, two O-rings are installed in order
to accommodate the containment test which is per-
formed by using a testing hole provided in the
Space between the two O-rings.

Primary container lid (Ref. Fig. (I1)-C.5)

The primary container lid is made of stainless
steel and is a structure welded a cap on a flange,

having an outer diameter of 360 mm and a height of
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(3)

248 mm.

The 1lid is to be fastened with the primary contain-
er body by 16 of tie-down bolts. There are -
bosses for eye-bolt installation on the top of it
for the purpose of lifting the primary container.
The surface of flange is designed to maintain the
containment of the primary container by a metal O-
ring and an elastomer O-ring installed outside of
it, in order to accommodate the containment test by
using a testing hole provided in the space between
the two O-rings.

Protective container body (Ref. Fig. (I)-C.6)

The protective container body is of double wall
Ccylindrical shape having an outer diameter of 620
mm and a height of 971 mm. It is a weld construc—
tion using 4 mm stainless steel for external pléte
(both hull and bottom) and 10 mm stainless steel
for internal plate. In the space formed between
the external and the internal plate, balsa wood is
filled to absorb the energy imposed by drop impact.
In order to dissipate the decay heat by Tritium, it
is required to provide a heat removal path, so that
there are 8 of copper inner fins on the hull part,
connecting the external and internal side plates,
and on the outer side there are 4 fusible plugs
provided thereon in order to prevent internal

pressure from increasing by the vapor and the gas
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(3)

generated from balsa-wood in fire accident.

Protective container 1lid (Ref. Figqg. (I)-C.7)

The protective container lid comprises welded
structure of double layer cylindrical shape having
an outer diameter of 620 mm and a height of

280 mm approximately, the external and internal
sides of which are made of stainless steel (both
the hull and upper plate).

Within the cylinder, balsa wood is filled as a
shock absorber. _

The fastening of protective container and the 1lid
is made with 8 bolts with an rubber packing for
maintaining water tightness.

On the top of the 1lid, _ portion for eye bolt ins-
tallation are established so as to perform the
lifting of the package.

As a preventive measure against the unauthorized
opening of the package during transport, a locking
device is provided through a penetration provided
on the fastening surface between the protective
container body and the 1lid.

Spacer (Ref. Figq. (I)-C.8)

In the space between the primary container 1id and
protective container, spacer made of aluminum is

inserted so as to fix the primary container. There
are ___ screws for eyebolts to insert and remove it

from the space.
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PROPRIETARY

Fig. (I)Y-C.4 Primary container body
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PROPRIETARY

Fig. .(I)-C.5 Primary container 1id
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PROPRIETARY

Fig. (I)-C.6 Protective container bodv
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PROPRIETARY

Fig. (I)-C.7 Protective container 1id
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PROPRIETARY

Fig. (I)-C.8 Spacer
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Materials Employed in Packaging

Materials employed in packaging are shown in Table (I)-
oLl N
Dimension of Packaging

Dimensions of packaging are shown in Table (I1)-C.2.

Weight of Packaging
Weight of packaging is shown in Table (I)-C.3.
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Table (I)-C.1 Construction Material of Packaging {1/2)

Composing part Material Number | Remarks
1. Primary container
1.1 Primary container body
(1) Primary container body Stainless steel 1
(2) Valve cover Stainless steel 1
1.2 Primary container 1lid
(1) Flange part Stainless steel 1
(2) Cap part Stainless steel 1
1.3 Others
(1) Capsule flange fixing bolt
(hexagon socket head cap Stainless steel —_ Mi2
screw)
(2) Valve cover tie-down bolt
(hexagon socket head cap Stainless steel —_
screw)
(3) Primary container 1lid tie-
down bolt (hexagon socket Stainless steel 16 R
head cap screw)
(4) Eye bolt fixing boss Stainless steel —
(5) Metal O-ring Inconel covered 1l unit
with aluminum
(6) Elastomer O-ring Silicon rubber 1 unit
(7) Valve Stainless steel etc. 2
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Table (I)-C.1

Construction Material of Packaging (2/2)

Composing part Material Number | Remarks
2. Protective container
2.1 Protective container body
(1) External plate Stainless steel 1 unit
(2) Internal plate Stainless steel 1 unit
(3) Flange Stainless steel 1
(4) External bottom plate Stainless steel 1
(5) Internal bottom plate Stainless steel 1
(6) Shock absorber Balsa wood 1 unit
2.2 Protective container 1id
(1) External plate Stainless steel 1 unit
(2) Internal plate Stainless steel 1 unit
(3) Flange Stainless steel 1
(4) Shock absorber Balsa wood 1 unit
2.3 Others
(1) Protective container 1lid
tie-down bolt (hexagon
socket head cap screw) Stainless steel 8 -
(2) Eye bolt fixing seat Stainless steel 1 unit
(3) Fusible plug Solder + Stainless |1 unit
steel
{4) Inner fin ~ Copper 1 unit
(5) Packing Ethylene propylene 1
rubber
3. Spacer
(1) Spacer body Aluminum 1 unit
(2) Cushion rubber Silicon rubber 1 unit
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Table (I)-C.?2

Dimensions of Each Part of Packaging

Composing part Position d?;?i?;i) Remarks
1. Primary container
1.1 Primary container Hull part outer 240
body diameter
Flange part outer 360
diameter
Inner diameter 114
Height 502
1.2 Primary container Flange part outer 360
lid diameter
Cap part outer 250A
diameter
Height 248
Bolt size o
2. Protective container
2.1 Protective container| Outer diameter 620
body
Inner diameter 246
Height 971
2.2 Protective container| Outer diameter 620
lid
Inner diameter 451
Height 280
Bolt size —
3. Spacer
3.1 Spacer body OQuter diameter 365
Inner diameter 270
Height 190
3.2 Cushion rubber Thickness 8
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Table (I)-C.3 Weight of

Packaging

No. Name Weight (kg)
1 [Primary container body 160
2 |Primary container 1id 35
3 |Protective container body 172
4 |Protective container lid 53
5 |}Spacer 7
Packaging maximum weight 427

(1+2+43+4+5)

The maximum weight of the package, inclusive of
the weight of material to be stored (the

capsule)? is 450 kg.
Where (#): The weight of the capsule: about 23 kg
(Refer to Table (I)-D.2.)
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Section (I)-D Material to be Stored (Radioactive Content)
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(I)-D Material to be Stored

The content of this packaging is the capsule which
contains getter (2ZrCo) where Tritium, in a chemical state of
metallic hydrogen compound, is absorbed.

This capsule is filled withAapproximately 750 g of ZrCo
which is capable of absorbing maximum of 25 g of Tritium.
D.1 Structure of the Capsule

The capsule is composed mainly of stainless steel, the

structure of which is shown in Fig. (I)-D.1.

During transport, the capsule is to be fixed to the
pPrimary container body by means of __ fixing holes
provided on the capsule flange.
There are two lines on the upper part of the capsule.
Each line has highly leak-tight valve and separating
joint in order to perform the absorption and discharge
of tritium gas, and the said valve and joint are fixed
on the capsule flange with supports.
The capsule body, which is filled with ZrCo where
Tritium gas is absorbed, has closed structure.

D.2 Major Dimensions of the Content
The major dimensions of the content (the capsule) are

as shown in Table (I)-D.1:
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Table (I)-D.l Major Dimensions of the Content {Capsule)

Name of major Location Nominal dimension Remarks
part (mm)
1. Capsule Outer diameter 216 Total height:
flange - about 700 mm in
Thickness 32 full assembly
Fixing bolt M12
2. Capsule Outer diameter 112
body
Inner diameter 104
Height 590

D.3 Specification of the Content

The specification of the content (capsule) is given in

Table (I)-D.2:

Table (I)-D.2

Specification of the Content (Capsule)

steel & others

Items Contents Remarks

1. Kind of radioactive Tritium Tritium compound of ZrCo
isotope to be stored.

2. Maximum weight of radio- |25 g Tritium compound 775 g
active isotope to be ZrCo 750 g
stored. Tritium 25 g

3. Max. radioactivity 9.25PBg

4. Max. heat generation 25 W

5. Weight of capsule about 23 kg

6. Materials of the content Stainless

* Safety factor of about 3-times is taken into consideration.
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(1)

Safety Analysis of the Package

In this section, an evaluation is made that this

package satisfies the design requirements for BU-type

package, i.e., the regulations stipulated by the Ordinance

issued by Japanese Competent Authority based on IAEA

Regulation for the Safe Transport of Radiocactive Material.

(1) Criteria regarding BU-type package

(a)
(1)

(11)

(iii)

Routine conditions of BU-type package

It shall enable handling with ease and safety.

The package shall be capable of withstanding the
effects of any acceleration, vibration or vibration
resonance which may arise under conditions likely to
be encountered in routine transport without any.
deterioration in the effectiveness of the closing
devices on the various receptacles or in the integ-
rity of the package as a whole. 1In particular,
nuts, bolts, and other securing devices shall be so
designed as to prevent them from becoming loose or
being released unintentionally, even after repeated
use.

As far as practicable, the packaging shall be so
designed and finished that the external surfaces are
free from protruding features and can be easily

decontaminated.
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(iv)

(vi)

(vii)

(viii)

(ix)

The materials of the packaging and any components or
structures shall be physically and chemically
compatible with each other and with the radiocactive
contents. Account shall be taken of their behaviour
under irradiation.

All valves through which the radiocactive contents
could otherwise escape shall be protected against
unauthorized operation.

The smallest overall external dimension of the
package shall not be less than 10 cm.

The outside of the package shall incorporate a
feature such as a seal, which is not readily
breakable and which, while intact, will be evidence
that it has not been opened.

The design of the package shall take into account
temperatures ranging from -40° to 70°C for the
components of the packaging. Special attention
shall be given to freezing temperatures for liquid
contents and to the potential degradation of
packaging materials within the given temperature
range. _

The containment system shall retain its radioactive
contents under a reduction of ambient pressure to 25
kPa (0.25 kgf/cm’).

The l-cm dose rate should never exceed the limit of

2 mSv/hr at the container surface.
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N —

(xiii)

The l-cm dose rate at a distance of 1 m from the
container surface must never exceed 100 pSv/hr.
The density of radioactive isotope at the surface
must never exceed the following limits:

o radioactive material : 0.4 Bg/cm®

By radiocactive material: 4 Bq/cm®

No objecﬁs or matters should be contained with the
packaging except those documents or other items
necessary for utilization of the radiocactive

isotopes, etc.

(b) Normal conditions of transport for BU-type package

The BU-type package shall satisfy the requirements

listed in item (II) below, when exposed to the normal

(1)
(1)

conditions of transport as described in Item (I)
which follows:

Normal conditions of transport

The package shall be subjected to 12-hour loading of
radiation heat as described below each day in an

environment of 38°C for one week.

Category of surface shape and position | Insolation heat (w/m?)
Plane exposed to Base plate None
horizontal transport Other 800
Plane other than the above 200
Bending surface 400
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(i1)

(iii)

2)

3)

The package shall be exposed to water spray for one
hour equivalent to rain fall of 50 mm/hr.

The specimen shall be dropped onto the target so as to
suffer maximum damage in respect of the safety
features to be tested. B

The height of drop measured from the lowest point of
the specimen to the upper surface of the target
shall not less than the distance specified in the
followings for the applicable mass.

A height of 1.2 m (mass less than 5,000 kg)

A height of 0.9 m (mass greater than 5,000 kg and
less than 10,000 kg)

A height of 0.6 m (mass greater than 10,000 kg and
less than 15,000 kg)

A height of 0.3 m (mass more than 15,000 kg)

When the package dropped is made from fibre plate
and weights less than 100 kg, it will be dropped
from a 0.3 m height so as to incur maximum damage on
each of a quartér of the area on both ends of the
package.

Following the step indicated in article 1), the
package will be subjected to a weight equal to
whichever is larger 5 times the weight used in the
previous test, or the weight equivalent to 13 kPa
multiplied by the area of vertical projection for 24

hours.
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(IT)
(1)

(11)

(iii)

Following step 3), a steel bar with a weight of 6 kg
and 3.2 cm in diameter will be dropped from a 1l-m
height.

Requirements

The l-cm dose-rate at the surface shall neither
increase significantly, nor exceed the prescribed
limit of 2 mSv/hr.

Leakage of radioactive isotope per hour shall never
exceed A, x 107°.

The surface temperature shall never exceed 50°C in
shade. 1In the case of transport as an exclusive
use, the temperature limit will not exceed 85°C at
the surface, (or at the perimeter of access-
preventive fencing, if used).

The density of radiocactive isotope at the surface

shall never exceed the surface density limit (1) (a)

(v).

Accident conditions for transport of BU-type package
When the package is to be sequentially subjected to
the accident conditions of transport indicated in
Item (I) below, the requiremenﬁs cited in Item (II)
shall be satisfied.

Accident conditions of transport

Let the package drop from a height of 9 m.
Let it drop from a height of 1-m onto a mild steel

bar having a diameter of 15 cm and length of 20 cm.



(iii)

(II)
(1)

(i)

(d)
(1)

(iii)

Place the package in an environmental temperature of
38°C, and then in an environment of 800°C for 30
minutes. While loading solar radiation, let the
package be cooled naturally.

Immerse the package in water at a depth of 15 m for
8 hours.

Requirements

The l-cm dose-rate equivalent at 1 m from the
surface shall never exceed 10 mSv/hr.

Leakage per week of the radioactive isotope shall

never exceed A,.

Technical criteria regarding BU-type package

It must be able to endure temperatures within an
ambient temperature range of -40°C to 38°C without
cracking, breaching or otherwise being damaged.
Construction must be arranged that filtration of
internal gases and cooling of radioactive isotopes
inside the package will be available without in-
corporating any filter or mechanical cooling device.
The annual maximum operating pressure (i.e., the
highest pressure of gasses in one year under the
conditions of foreseeable ambient temperatures
during transport while exposed to direct solar

radiation) shall not exceed 700 kPa-G.

Additional requirements for packages for transport by

air.
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(1)

The packages shall be constructed such that the
containment boundary of the package shall be able to
maintain its integrity and containment capability in
an environment ranging in ambient temperature from

-40°C to 55°C.
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(II)-A Structural Analysis
In the structural analysis, the deformation, damage, etc, which will be
incurred on the package under the routine condition, normal, and accident
conditions of transport, are to be analyzed and evaluated, then, the
results shall be reflected as the thermal and containment analysis base.
A.1 Design criteria
It shall be verified for the package to comply with the criteria
under each of the testing conditions regulated in IAEA regulation
(1985 ed.) in order to obtain the license as Type BU package.
(a) Design criteria

The design criteria is as shown in Table(II)-A.1.

The criteria evaluation is defined on the basis of the
comparison between the operation states described in ASME, Sec
Il subsec NB and the conditions described in IAEA transport
regulation.

As for the routine and normal conditions of transport, Level A
Service Limit and as for accident conditions of transport, Level
D Service Limit are applied respectively, namely, the specific
portions where the containment maintenance is required, (i.e.,
the primary container) shall not be allowed with any failure

under the accident conditions of transport.
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(b)

(c)

The primary container lid fastening bolt which will affect
seriously the containment charactaristics by thefr plastic
deformation shall not exceed the yield stress in accident
conditions of transport.
And further, the criteria applied in case of penetration test
shall be so specified as to be the puncture resistive strengtH
maintained in the vicinity of the location where the collision
takes place.
As for the lifting and tie down devices, the design criteria are
given as the design yield stress.

Sm : Design stress intensity

Sy ¢ Design yield strength

Su : Design tensile strength
Load combination
In performing structural evaluation of the portions of the
package, the load combination shown in Table(I1)-A.2 shall be
considered.
Margin of safety (MS)
As for the analysis results, which have quantitative criteria,
the evaluation shall be made by means of "Margin of safety"
defined as follows.

analytical criteria

Margin of safety(MS) = -1
analysis result

Therefore, if MS is larger than O(zero), it shall be acceptable.
As for the others, the criteria and other requirements are set

forth where applicable.
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Table(I1)-A.1 Structural analysis criteria

Drop test 1
(8= drop)

Capsule

Primary container
body

Primary container
lid

<Su/1.5 <Su

Primary container
lid tie down bolt

<8y/1.5 <S8y

Pn : Primary general membrane stress 0 : Secondary stress
PL : Primary local membrane stress F : Peak stress
Pb : Primary bending stress DF : Fatigue accumulation factor
2 i 1 +*
§ E Stzzszr Primary stress Sgégﬁégr; gémgggry
£ g Item of Analysis . category intensity ThLensi ty infensity
52 Point of
5 S evaluation Pam(PL) PL+Pb PL+Pb+Q PL+Pb+Q+F
< |Lifting device |Fortion of eve bolt <sy <sy - -
2 installation
e
T | Tiedown device |Eve plate <Sy <Sy - -
o
13
.2 Pressure Package Endurable to the atmospheric pressure variation.
§ . . Endurable to the vibration incurred during the
o= | Vibration Package .
transportation.
Capsule -
Primary container
<8 .58 <
Thermal test body " <1.55s Su Fatigue
Primary container evaluation
© lid (Df <)
2 Primary container lid
Sy/1.5 <3
2 tie down bolt <Sv/ <5y y
-~
: Vater spray Package Endurable to the water jet.
(]
[72]
s Capsule -
=
° Primary container <
8 | Free drop body So <1.5% <35 Fatigue
"é (1.2m drop) Primary container evaluation
5 lid (DF<1)
= Primary container
Q
g lid tie down bolt <Sv/L5 | <Sy <Sy
(3]
8 Stacking test Protective Container <Sy <Sy - -
@
(=%
& Penetration test | Protective Container Puncture resistive strength.
p=—1
m

Drop test II
(1a drop onto
nild steel bar)

In the vicinity of .
collision area on the
protective container

Puncture resistive strength.

Thermal test

Accident conditions of transport

Capsule

Primary container
body

Primary container
lid

<2/3% <Su

Primary container
1id tie down bolt

<Sy/1.5 <Sy

15z Immersion

Primary container
body

Primary container
lid

<238 <Su

% Since it is the contents, hereafter it is referred to as capsule.
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Table (II)-A.2 Design load combination

Requirement

Condition

Item of Analysis

Kind of
load
Point of
evaluation

Weight

Pressure

Thernal
expansion

Others

BU Type package

Routine condition

Lifting device

Portion of eye bolt
installation

Tiedown device

Eye plate

Pressure

Package

Vibration

Package

Vibrati
o BRI, vit
ransportation

Normal conditions of transport

Capsule

Thermal test

Primary container
body

Primary container
lid

lid

Primary container
tie down bolt

O(Initial fastening|
force)

Vater spray

Package

A (Vater spray)

Capsule

O

Free drop

Primary container
body

(1.2m drop)

Primary container
lid

Primary container
lid tie down bolt

O(Initial fastening
force)

Stacking test

Protective Container

PlOjJO]| O

Penetration test

Protective Container

(Dropping of a Bkg
mild steel-rod)

Accident conditions of transport

Capsule

Drop test 1

Primary container
body

(9= drop)

Primary container

lid

(OIS RO RN B!

Primary contianer
lid tie dowvn bolt

O

O(Initial fastening
force)

Drop test II
(1w drop onto

In the vicinity of
shocked area on the
protective container

A Package

veight -

% 1m height

mild steel bar)

Capsule

Thermal test

Primary contianer
body -

Primary contianer
lid

Primary container
lid tie down bolt

(Initial fastening
force)

Iamersion

Primary container
body

A

(15m)

Primary container
lid”

A

O

(I1)-A-5

: Evaluation in terms of combined load
A : Evaluation in terms of single load



(d) Method of evaluation

The structural analysis under each of the conditions shall be

implemented according to the flow shown in Fig. (II)-A.1.

(25 W)

Heat generation

Evaluation of deformation
and acceleration given in
case of drop test

(VDM method)

on each part

Temperature evaluation

(TRUMP code)

External pressure
(WVater depth)

evaluation

Internal pressure

Stress evaluation based
upon the impact load

Buckling
resistance
evaluation

Stress evaluation
associated with
differential pressure
and temperature

Fig.(I1)-A.1 Structural analysis flow chart

Stress categorization and
stress intensity evaluation

Evaluation of
puncture or not

Then, the design condition, method and the criteria of the structural design

of the packaging are summarized in Table(II)-A.3.

(I1)-A-8




Symbol

- c s . ) . . : Stress generat : a
Table(I1)-A.3 Condition and Method of Analysis of the Structural Design of Packaging (1/14) g & ed F: Load
- T: Shear stress P: Pressure
M: Bending moment A: Cross sectional area
[=]
9 Design condition Method of analysis
+ .
- Items of analysis - ; a . .
e y Material Tempe Design load Numerical equation Analysis Remarks
3 rature Kind Load Element applied or element criteria
o fagtor
,1l. Chemical and galvanic reactions
(1) Chemical reaction — — Corrosion — Active No chemical reaction accompanied To be inactive
(2) Galvanic reaction _— — Corrosion —_ Potential No electrical reaction accompanied Without moisture
difference .
contained
2. Low temperature
(1) Packaging SUS304 —-40°C Material — Material degrading | Lowest service temperature No brittleness
fracture
(2) Bolt SUS630 —~40°C Material —_ Material degrading | Lowest service temperature anticipated
(3) O-ring At + Inconel ——40°C Material - Material degrading |Lowest service temperature ——40°C
3. Containment system
= . . iy iqs
3 (1) Primary container SUS304 100°C Possibility of — Contigency or not | Misoperation permissible or not Pree of mis-
» contingency operation
o
o ’
O | 4. Lifting device F
g (1) zg;:rtlion of eye bolt instalia- SU3304 100°C Weight of package 3 Tensile stress O = — Sy APERTQRE
-
t A CARD
3
8 F
3 Shesting strass | T = - 0.6Sy Also Avasilable on
Aperture Card
3 Composite stress a =[ Ot Z +a .7 2 S)’
5. Tie down device
(1) Upper eye plate SS4OO ZOOC Combined . XZ[g] Bending stress Tp— — Sy
acceleration (Loageitudinal, Z
vepcicals Z: Cross sectional coefficient
Shearing stress r = X OSSy
xX1[g)
Composite stress T -'-—"[ g bZ +£I’ r“ Sy
{Transveraal)

F40/050179 -O] (I1)-A-7




Table(II)-A.3 condition and Method of Analysis of the Structural Design of Packaging (2/14) g

Symbol
Stress generated F:

17: Shear stress

M: Bending moment

Load
P: Pressure
A: Cross sectional area

[=f
et Design condition Method of analysis
) ~—pr _
. Items i ; .
3 of analysis vaterial | TER0E Design load Numerical equation Analysis Remarks
. Load i i i
3 rature Kind factor Element applied or element criteria
6. Pressure
(1) gezter of primary container SUSBO4 100°C h 1 Combined stress Formula of thick wall cylinder W [Note 1]
ody hull part Establish a reference value for each
of stress categories on the basis of
Sm taken as criteria
(2) Center of primary container SUS304 100°C 1 Combined stress Formula of disk plate periphery simply > [Note 1]
body bottom part supported {Note 2}
Taking Sy as criteria, establish
referance value for each of
i he basi £
(3) Flange of primary container body SUS304 100QC 1 Combined stress Formula of ring plate outer periphery 9 ;;rizie;azng:izzrzg the basis o
simply supported and inner periphery
fixed [Note 2)
4 Cent f pri i
“ lifil lexili pgitmary comrainer SUS304 100°C i Combined stress Formula of thin wall of cylinder . 10
‘ ote
(5) Center of upper primary container lid (upper part) SUS304 100°C 1 Combined stress Formula of panel, internal pressure
imposed
g (6) Primary container 1id flange SUS304 100°C 1 Bending stress Formula of ring plate inner periphery
i part ' simply fixed and outer periphery [Note 2]
.t: > Atmospheric pressure supported
L} drop 25 kPa
8 ' Qaz b2 (1]
9] (7) Pril}xary container 1lid inside SUSBO4 100°C 1 Displacement (o) W= {(1 +A) (1 _— - ) Initial
o O-ring part displacement 8 A D az displacement
5 bz of O-ring ANSTEC
4—’ a
- -6+ 20,2 APERTURE
2 a CARD
(8) Primary container lid SUS830 IOOBC 1 Tensile stress o= -E-— {Note 2] 4
tie down bolts : A Also Avaliable on
Aperture Card
. PFormula of disk plate periphery .
(9)  Center of valve cover SUS304 100°C i Combined stress simply supported }[Noce 1]
, F
(10) Valve cover tie down bolts SUSB830 100°C 1 Tensile stress g= — (Note 2]
A
J |
7. Vibration 1 k
(1)  Package SuUS304 IOO(C Vibration 1 Resonance fo= . — Vibration imposed
° 2 1 m during transport
fot Natural frequency of vibration

9404050 "ZC'- 02 (I1)-A-8




Table(II)-A.3

Condition and Method of

Analvsis of the Structural Design of Packaging (3/14)

Symbol

o: Stress generated F:
T: Shear stress

M: Bending moment

Load
P: Pressure
A: Cross sectional area

9404050179 —(1) 3

= . :
S Design condition Method of analysis
+ . .
e Items of analysis Tenpe- Design load Numerical equation Analysis Remarks
o Material Load appli iteri
$ i pplied or element criteria
o rature Kind factor Element
1. Thermal test
1.1 Thermal expansion
(1) Capsule & primary container SUSBO4 100°C Thermal expansion 1 Displacement Whether or not provided any restraint No restraint
due to thermal expansion. improved. .
’ :
(Note 1]}
1.2 Stress calculation PDm 3 3 Establish reference value for each
(1) Center of capsule body hull part SUS304 100°C External pressure 1 Combined stress 0o =— 2_t__ Ziii::zzs categories taking Sm as
(Note 2]
P Formula of Taking Sy as criteria, establish
: o == o lrene 1) [ zefereace vaiue for exch of
o 2 cylinder g )
Y
c PDm
¥ Oz =— —— -
- 4t ) s I
W Y
1) . Pa2 o :5‘ g, 3
- (2) Center of capsule body bottom part SUS304 ]_OOGC External pressure 1 Combined stress O =0 r=+ 1.24 CH 5 a §'
E h J 22
- Do,
= — &
5 or =P iss ANSTEC
: Ro2+R:2 ) . [Note 11 AP i) g
8 (3) Center of primary container body hull part SUS304 100°C :ﬁ:::;leigzzz‘ii:; 1 Combined stress Ts =P W ggéij%h
: RiZ | \ D
g R 2 |, Formula of thick
o —- ! wall cylinder .
o oz =P RZ_R.2 Also Availabl= on
0 ' Aperture Card
or =—P s J
E-a+(T1—T2)
O¢g — Tz g .
2+ (]."' V) & ig
_ Pa?) ®4¢
(4) Center of primary container SUS304 1OOQC Internal pressure 1 Combined stress Or=Q0g = +1.24 — enE
body bottom part h2 s 3@ [Note 1]
= EE
g, =P 885
= e
(I11)-A-9




Table(II)-A.3 condition and Method of

Analvsis of the Structural Design of Packaging (4/14)

Symbol
o: Stress generated F: Load

7: Shear stress

M: Bending moment

P: Pressure
A: Cross sectional area

Mo40SO 179

[=] : P i
. Design condition Method of analysis
4+ . -
- Items of analysis \atorial Tempe- Design load Numerical equation Analysis Remarks
8 eria i Load applied or element criteria
S rature Kind feoror Element
i F la of disk plate simpl 3
(5) Flange of primary container body SUSBO4 100 °C Internal pressure 1 Combined stress Sig\grzez onxzhepozt:rsngighery ,;:f{z:glém e rtveria, secsbiion
and fixed on tthi_nner periphery. (1} reference value for each of the
- a stress categories
Te =7 4nh2{2(1+y)(A+QnE) [Note 2]
ote
: Taking Sy as criteria, establish
2 reference value for each of the
+(1i- stress categories.
(1-v) (-8 b2 )} L[Note 2]
a
Cr =T (2 (ley) (Ae L2 )
e 4 h b
H
o]
g -(1-v)(1-B- = )}
8 b J
g PDm ) A
o (6) Center of primary container lid hull part SUSBO4 100°C Internal pressure 1 Combined stress T =
2 2t
9{ F la of
e _ PDn | Formsta
o T = — thin Xall
11
£ 4t | covinaes ANSTEC
S P P tiece 1) APERTURE
— P == =
; 2 ) . CARD
bl >Ny
2 PRV 254
; J— 9
(7) Center of primary container lid upper part SUS304 100C Internal pressure 1 Combined stress O =0r—= 80 Also Avallable on
R Agperture Card
LR
I 2
Oz —— Bad
2 a8 1)
(8) Flange of primary container lid SUSBO4 ].OOQC Internal pressure 1 Combined stress The same formula to be applied as {Note 2]
given for the flange of (primary
contalner body in article 1.2 (5).
2 1] | Initial
(9) Primary container 1lid SUSBO4 100@ Internal praessure 1 Displacement Qa b
inside O-ring dis- {(1+A) (]_ ———) (B+—) displacement
placement of O-ring
Q n( )} )
F 7 b2P
(10) Primary container lid tie down bolts SUS630 100C  |internal pressure; 1 Tensile stress o= - +
inirial fastening A nA ? (Note 2]
force; thermal expansion
Es(as-as) (T-To)
1+ Aocle
AS'ES /
(I1)-A-10




Table(1)-A.3 condition and Method of Analysis of the Structural Desiqn of Packaqging (5/14) o: Stress generated

Symbol

7: Shear stress
M: Bending moment

F: Load
P: Pressure
A: Cross sectional area

.
.
.
H

with drainage

APERTURE
. CARD

Also Avallable on
Aperture Card

[=] .
S Design condition Method of analysis
4 . ; .
- Items of analysis Vaterial Tempe- Design load Numerical equation Anail:YSIS Remarks
o eria Toad lied criteria
g . at applied or element
&) rature Kind factor Eleme . S
~
__ 3PhH? 1 [Note 1]
(11) Center of valve cover SUSBO4 100°C Internal pressure 1 Combined stress T =0 += + - X g . Taking Sm as criteria, establish
8}‘1‘- 29 reference value for each of the
aop © € ;
s ag stress categories
41+ v) 0, = +4— # 2 & | iote 1] [Note 2]
b 53 Taking Sy as criteria, establish
° reference value for each of the
b2 S & stress categori
gories
(I-v) = g%
2 —
a B R
i)
(o2 Z: —P J
t\ (11 N
o (12) Valve cover fastening SUS630 100°C Internal pressure; 1 Tensile stress F b4 32P
% bolts initial fastening force; o= - +
pe thermal expansion A nA
o]
%]
s + Ep ( A s~ X B) (T-To) L [Note 2]
Y44
o Ag*Ep
c 14 S2%8
8 AS'ES J
S 2. Water spray Water spray 1 Moisture Moisture absorptive To be free of
:-5‘ absorption moisture ab-
g sorption
(o]
: T
—_ Draining Easy to be drained. Facilitated ANS Ec
o]
=
bd
O
=

HoMoso179—()E W




Table(I1)-A.3 condition and Method of Analysis of the Structural Design of Packaging (6/14) g

Symbol

Stress generated F:
7: Shear stress
M: Bending moment

Load
P: Pressure
A: Cross sectional area

(11)-A-12

=
3 Design condition Method of analysis
) R
g Items of analysis Vaterial Tempe- Design load Numerical equation Anglys*s Remarks
3 rature Kind Load Element applied or element criteria
— factor
3. Free drop
3.1 Bottom end vertical drop [Note 1]
. P 2 Taking Sm as criteria, establish
(1) Deformation of shock absorber — - 1.2 m botrom end vertieal 1 Deformation X=€-— 8 o— 8 H reference value for each of the
drop stress categories
,Q o 3 Shock absorbers thickness 217mm
before drop [Note 2]
X ; Thickness after drop Taking Sy as criteria, establish
F w reference value for each of the
stress categories
") (2) Capsule nozzle SUS304 100°C 1.2 m bottom end vertical 1 Tensile stress = —
S drop A
% : Formula of ring plate simply =
) . s supported on the outer periphery . .
g (3) Capsule flange SUS304 100°C 1.2 m bottom end verrical 1 Combined stress and fixed on inmer periphery. 8o: externa'l defornat.‘,lon of
b drop protective container
o F > [Note 1] C. a
w (4) Center of capsule body SUS304 1OOQC 1.2 m bottom end vertical 1 Tensile stress o= — 81t internal deformation of
o hull part drop A protective container
0
: F
(5) Center of primary container i Compressive
- 1.2 m bottom end vertical P =
4 body hull partc SUS304 100°C drop 1 stress g A
- P4
E
8 , , M+ 2 max
.2 m bottom end vertica ending stress - ote
o (6) Valve cover fastening SUSB30 100°C 1.2 m bott d tical 1 Bending a [N 2]
bolt ) dro I
'_‘ p
]
5
o 3.2 Top end vertical drop A
- I NSTEC
(1) Deformation of shock — — 1.2 m top end vertical 1 Deformation X = — — F APER
absorber drop 'Q ° 6 ° 5 } TURE
_Q o } Shock absorbers thickness before 217111[11 CARQ
drop
X 3 Thickness after drop :
P Also Available o
(2) Capsule nozzle SUSSO4 IOOQC 1.2 m top end vertical 1 Compressive stress | o — Apenﬁfe Card
drop A [Note 1]}
Formula of ring plate simply
(3) Capsule flange SUS304 100°C 1.2 m top end vertical 1 Combined stress supported on the outer periphery
drop and fixed on inner periphery.
(4) Capsule flange tie down bolts SUSB30 100TC 1.2 m top end vertical 1 Tensile stress ag= — [Note 2]
drop A
(5) Capsule body hull part SUSBO4 IOOQC 1.2 m top end vertical 1 Compressive stress | g = — ?
drop A
[Nota 1]
(6) Primary container 1lid SUS304 100C 1.2 m top end vertical 1 Compressive stress | 0 = —
hull part drop A
|
404050179 —
1




Symbal

mo4050179 - ()7

-A. s . . . 7 o: Stress generated F: Load
Table(I1)-A.3 Condition and Method of Analysis of the Structural Design of Packaging (7/14) . Shear stress P. Pressure
‘ M: Bending moment A: Cross sectional area
[ ) -
et Design condition Method of analysis
+ .
:é ITtems of analysis Vaterial Tempe- Design load Numerical equation Analysis Remarks
: Load applied or element criteria
3 rature Kind factor Element PP
P+R-W 21 | (Note 1)
(7) Center of primary container lid SU8304 100°C 1.2 m top vertical end drop 1 Combined stress T =0r=-— ( — +O . 1P) Taking Sm as eriteria, establish
(upper part) 2t reference value for each of the
» [Note 1] stress categories
0. = ___E [Note 2]
2 Taking Sy as criteria, establish
7 reference value for each of the
M.Q max l stress categories
(8) Valve cover tie down bolts SU8630 1000(: 1.2 m top vertical end drop 1 Bending stress g= —— [Note 2]
I
o~
3.3 Horizontal drop
1 Def i ke N H *
t" b a:sg:;i;:.on on shoc — — 1.2 m horizontal drop 1 Deformation w=40 02— ) o— O i
b J0 ¢ external deformation of
& £ 02 ; Shock absorbexs thickness 117nn protective container
o before drop 5. 11 1 d .
2 % ; Thickness after drop il 1nterna‘ efor:at:.lon of
i) N protective container
w 3Ed2C
o} (2) Capsule nozzle SUS304 100°C 1.2 m horizontal drop 1 Bending stress o=
o 2202L8:+324)
3 F
"‘:" Shearing stress T .K_.
I
8 (3) Capsule body hull part SUSBO4 ].OOQC 1.2 m horizontal drop [ Bending stress H ANSTEC
£ =7  (yota 11 APERTURE
1.2 m horizontal d ' Combined st t
3 SUSSO4 ]_OOQC m horizonta rop ‘_ ombined stress _ [12.(1_P2)]1/8,R3/4,F CARD
Z os =—1.492
Ll/z,t5/4
' RI74. 172.F Also Avaiiable on
o, '=-1.207 (2 (0= y2)] .7 Aperture Card
12-(1— p 2) 137814, 1:2,
o =—0.1188 (12-(1— v 2) 3-8RI 12
£774
Y
. M+ 2 max
(4) Capsule flange fixing SUSG?)O 100°C 1.2 m horizontal drop 1 Bending stress g = _—.T_— [Note 2]
bolts
D 1 DZ
(5) Center of primary container SUS304 1OOQC 1.2 m horizontal drop 1 Compressive stress | 0 =(,53] Foff ——— [Note 1]
body D 1 DZ
, o M+ £ max
(6) Primary container lid tie down bolts SUS630 100C  |!.2 m horizontal drop 1 Bending stress o= _____.I___ (Note 2]
(7) Primary container lid hull SUS304 100"C 1.2 m horizontal drop 1 Bending stress g = _h_'{_ } [Note 1]
part 7
(11)-A-13




Symbol
Stress generated F:

Table(II)~A.3 Condition and Method of Analysis of the Structulral Design of Packaging (8/14) g:

T: Shear stress

M: ‘Bending moment

Load
P: Pressure
A: Cross sectional area

[
8 Design condition \ Method of analysis
Fi] T
el Items of analysis - : ‘ . : :
e y . Teape Design load Numerical equation Analysis Remarks
e | Material Tosd . a Lo
3] rature Kind : Element applied or element criteria
O factor
3.4 Corner drop [Note 2]
Taking Sy as criteria, establish
3.4.1 Bottom end corner drop reference value for each of
the stress categories.
(1) Deformation of shock:
absorber 1.2 w bottom end corner drop 1 Evaluation provided on the horizontal 245 . 1mm
& vertical drop components
3.4.2 Top end corner drop
(1) Deformation of shock. 1.2 m top end cormer drop 1 Evaluati?n provided on the horizontal 254 5'1]111
o absorber and vertical drop components o i
H .
2) Primary container lid tie down bolts M+ 2 max A S E :
8_, 2) SUSS30 100°C 1.2 m top end corner drop 1 Bending stress = — [Note 2] N T C
2 ’ I PERTURE
& APER =
g
& CARD
Gt 3.5 Oblique drop
Q
7 (1)  Deformation of shock —_ — 1.2 m oblique drop 1 Evaluation provided on the horizontal Depending upon Also Available on
g absorber & vertical components the drop angle Apeﬂure Card
o
S
-
';C:’. Stacking test
= (1) Protective container hull part F
© P SUSBO4 100°C 5 times the weight 1 Compressive stress O = — Sy
-c—lu of package A
=]
5
=1 5. Puncture
(1) Protective container 1
outer plate SUSBO4 100°C ZZZZLimg::t of mild 1 Absorbed energy E 2= "é‘ Ter* T e t2 5. 89 X 104
: : N+ mm
e (z <r: Allowable shear strength)=0.6Su
(2) Fusible plug part SUS304 100°C Drop impact of mild 1 Absorbed energy
steel bar
s

9“,’04050 17‘?"’ 08 (I1)-A-14




Symbol

Table(11)-A.3 Condition and Method of Analysis of the Structural Design of Packaging (9/14%) o ggzzissiir;zfsated F:
{ .

M: Bending moment

Load
P: Pressure
A: Cross sectional area

|
[=] ! .
3 Design condition 1 Method of analysis
)
- Items is - ; . . .
3 of analys Material Tempe Design load Numerical equation Analysis Remarks
. . Load lied 1 iteri
Q j ment applied or element criteria
3 rature Kind factor Ele
1. Drop test 1
1.1 Bottom end vertical drop
(1)  Deformation of shock — —_ 9 m bottom end vertical 1 Deformation X=Lo~00—8;:
absorber drop
Q o 1 Shock absorbers thickness before 217mm
drop
X ; thickness after drop
. F [Note 3]
(2) Capsule nozzle SUS304 ].OOOC 9 w bottom end vertical | ] Tensile stress o= — (Note 3] Taking Su as eriteri tablish
4 riteria, establis
Top A reference value for each of the
. 1 c 1 stress categories
o . i ormula of ring plate simply
S (3) Capsule flange SUS304 10000 zr:pb°tt°m end vertical | . Combined stress supported on the periphery
A | F :
=] (4) Center of primary con- 00 9 m bottom end vertical Compressive stress - {Note 3] .
S tainer body hull part SUS304 1 °C drop 1 P o A 8o :external deformation of
) protective container
Gy F & ¢ internal deformation of
o (5) Center of capsule body SUSBO4 100°C 9 m bottom end vertical 1 Compressive stress | ( = — [Note 3} protective container
o hull part drop A
o
Q
ot : M- 2 max
e (6) Valve cover tie down bolts SUSB30 100°C |9 u bortom drop . 1 Bending stress o= [Note 21
g I
o
3
i d
"é 1.2 Top end vertical drop ANSTEC
(1) Deformation of shock : s — =
§ absorber —_ — 9 m top end vertical drop 1 Deformation X=0.—0 o— 0 ; APERTURE
3} ,Q 3 Shock absorbers thickness before 217111[11 CARD
fq) drop
X 3 thickness afrer drop
F Also Avallable on
(2) Capsule nozzle SUS304 ]_OOQC 9 m top end vertical drop 1 Compressive stress [ (F == - Apenure Card
A [Note 3]
. F 1 £ ri late simpl
(3) Capsule flange SU8304 100°C 9 m top end vertical drop 1 Combined stress 33$2r2e3 ofxlz}gxepp:r:pherl; ¥
F
(4) Capsule flange fixing SUS630 ]_OO"C 9 m top end vertical drop 1 Tensile strass g=— [Note 2] N 2]
bolt ote
A Taking Sy as criteria, establish
F reference value for each of
(5) Center of capsula body SUS304 100°C 9 m top end vertical drop 1 Compressive stress | ¢ = — the stress categories.
hull part A
{Note 31
(6) Center of primary container SUSBO4 100°C 9 m top end vertical drop 1 Compressive stress | (o == —
1id hull part A

9404050 ]77"' Oq (1) -A-15




Sxmbol

- - : F: Load
- P . . . 14 o: Stress generated
Table(Il)-A.3 condition and Method of Analysis of the Structuvral Desiqn of Packaging (10/14) +: Shear Stress P: Pressure
M: Bending moment A: Cross sectional area
[= .f
i~ Design condition Method of analysis
s \ ‘
pe Items of analysis Vaterial Tempe- Design load Numerical equation Analysis Remarks
c eria . . . .
o rature Kind Load Element applied or element criteria
O factor ;
PsReW . 17 (Note 3]
(7) Center of primary con- SU5304 100°C 9 m top end vertical drop ]_ Combined stress O =0 r=— ( —_— —}-O. ]_P) Taking Su as criteria, establish
tainer lid upper part zt . reference value for each of the
[Note 3] stress categories
Tz =— —P—- [Note 2]
2 Taking Sy as criteria, establish
reference value for each of
M._Q max the stress categories.
(8) Valve cover tie down bolts SUS830 100C (9= top end vertical drop 1 Bending stress o = ——I——- [Note 2]
IS
—
a 1.3 Horizontal drop
@ (1) Deformation of shock ] . . . ; - _ . F s
g absorber 9 m horizontal drop 1 Deformation X _Q o Po) ° 6 ;
E 3 o 3 Shock absorbers thickness 117nm 8o externa! defornai.:xon of
U before drop protective container
o X i Thickness after drop 8+ internal deformation of
protective container
g 38d? - C )
3 (2) Capsule nozzle SUSBO4 100°C 9 m horizontal drop 1 Bending stress ag=
D 22028 2+32 1)
:g > [Note 3]
g F
o Shearing stresa T = ‘R"
&
(3) ¢ le body hull t 9 m hori : Formula equivalent to that applied for
%)1 e ey e SUSBO4 10000 ® hortzontal drop 1 Pending scress capsule body hull part provided 3.3 (3)
'U in the normal conditions of transport. J
g " ANSTEC
¥ max
(4) Capsule flange fixing SUSG?)O loot 9 m horizontal drop 1 Bending stress ag= "'—I— } [Note 2} APERTURE
o CARD
(5) Primary container body SUS304 100 9 m horizontal drop Compressive stress = . [Note 3] .
hull part OC 1 0 =0.591 Also Available Gn
" Aperture Card
. . ; * & max
(6) Primary container 1id SUSS3O 100°C 9 m horizontal drop l Bending stress Tg= —— {Note 2]
fastening bolts I
(7) Primary container 1lid SUS304 100°C 9 m horizontal drop 1 Bending stress o= ——M {Note 3]
hull part Z
—_—

qu"{‘OSO ]7? - (1)-A-18




Szﬁbol

Accident conditions of transport

s ‘ . 5 , . o: Stress generated F: Load
Table(l)-A.3 condition and Method of Analysis of the Structural Design of Packaging(11/14) . Shesr sorecs P: Pressure
M: Bending moment A: Cross sectional area
] ‘s ‘ val
ot Design condition . Method of analysis
s : ;
: Item - : . : s
gl s of analysis Material Tempe Design load Numerical equation Analysis Remarks
o eria A Y - . . .
g rature Kind - Load Element applied or element criteria
&) factor
1.4 Corner drop
l.4.1 Bottom end corner drop [Note 2]
Taking Sy as eriteria, establish
reference value for each of the
: . s stress categories
(1) Deformation _— . 9 m bottom end corner drop 1 Evaluation provided on horizontal & vertical 245' 1111111 g
components
1.4.2 Top end corner drop
i Evaluati ovided on horizontal & vertical
(1) Deformation - - 9 m top end corner drop 1 c‘c::pg:e::z P " 254.5mnm
_ M2
(2) Primary container lid tie down bolts SUS630 lOOOC 9 m top end corner drop 1 Bending stress| ( = = max } [Note 2]
1.5 Oblique drop
(1) Deformation 9 m oblique drop 1 Ezz;gzzzzz provided on horizontal & vertical Depending upon

drop angle

ANSTEC _
APERTURE
CARD

o Avaltable on
A‘Xpenure Card

‘7404050179» (I1)-A-17




Symbol

- P . . . o: Stress generated F: Load
Table(II)-A.3 cCondition and Method of Analysis of the Structural Design of Packaging (12/14) . Shear stress P: Pressure
M: Bending moment A: Cross sectional area
”T . - . Ay
-t Design condition Method of analysis
44 . .
st Ttems of analysis Material Tempe- Design load Numerical equation Analysis Remarks
=1 1 "Toad lied 1 iteri
o . 3 ement app le or element criteria
o rature Kind factor El
2. Drop test II
2.1 Puncture h ¢: Deformation strain
s 1 ol N 3: Deformation
t t ns -
o g::EECtiVE contatner 1id SUS~304 100°C 1 m drop impact 1 exz:nsli’o:x ° d: Diameter mild steel bar
(2) Protective contaimer hull Steel plat 1’ 14 6 L 400/
ael plate -
part SUSBO4 100°C 1 m drop impact 1 extension € 2 6 +d 0

(3) Prozective container bottom SUSBO4 10000 | m drop impact 1 Steel ?late J J
) par extension
-
Q f
[aN
w
=}
]
18]
i
G
o
2
i ANSTEC
-
: APERTURE
(=]
S CARD
=
9 Also Avallagler gn
3 Aperture Ca
Q
<G

3. Thermal test
3.1 Thermal expansion
(1) C le & i : Whether or not any restraint involved due to |Free of any
c:zg::i:xer primary SUS304 ZOOBC Thermal expansion 1 Displacement thermal expansion. restralnt
involved

Ho4050179-
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Table(I[)-A.3 Condition and Method of Analysis of the Structural Design of Packaging (13/14)

Sxﬁbol

ag:

Stress generated F:

Load

9404050179 -

T: Shear stress P: Pressure
M: Bending moment A: Cross sectional area
§ | Design condition Method of analysis
= —
o R . : .
.'g Items of analysis L Tempe- Design load Numerical equation Analysis Remarks
Materia i P iteri
g rature Kind Load Element applied or element criteria
O factor
3.2 Thermal test
. N
bod, 1 Internal pressure Combined stress T {Note 3}
(1) Center of capsule body hull parc SUSBO4 ZOOQC Taking Su as criteria, establish
(2) Center of capsule body bottom part Internal pressure Combined stress reference value for each of the
SU3304 ZOOQC neer P stress categories
> [Note 3]
(3) Center of primary container SUSBO4 ZOOOC Incernal pressure Combined stress (Note 2]
body hull part Taking Sy as criteria, establish
reference value for each of
(4) Center of primary container SUS304 ZOOQC Internal pressure 1 Combined stress the stress categories.
body bottum part
o~
ﬂ ' (5) Flange of primary container body SU5304 ZOOQC Internal pressure 1 Combined stress j {Note 2]
(o]
8 J
»
% (6) Prix:ary container lid hull SUS304 200°C Internal pressure Combined stress
- par
+ : y : ; i - Note 3
(7) Center of primary container lid upper part SUS304 200 Internal pressure Combined stress \ Analysis will be conducted with the same (Note 3]
Gy procedure at the same position as those
o employed in 1.2 stress calculation.
]
=
3 (8) Primary container 1id flange SUSBO4 ZOOOC Internal pressure 1 Combined stress [Note 2]
s} part
-
';::S 1
s . Initia
8 (9) Primary container inside SUS304 ZOOOC Internal pressure 1 Displacement displacement
. Q-ring part of O-ring ANSTEQ
=]
8 . . APERTURE
:3 (10) Primary container lid tie down bolts SU5630 200 C Internal pressure, ‘ l Tensile stress (Note 2]
O initial fastening force, CARD
:}:’ thermal expansion ‘
(11) Center of valve cover SU5304 ZOODC Internal pressure Combined stress } (Note 3] A'w Ava“ab'e an
; Aperture Card
(12) Valve cover tie down bolts SUSB30 200C |internal _pressurs, Tensile stress (Note 21
initial fastening force,
thermal expansion J
—-—
| ( H )"A"lg




Table(11)-A.3 Condition and Method of Analysis of the Structural Design of Packaging(14/14) gt

Symbol

Stress generated F:
T: Shear stress

M: Bending moment

Load
P: Pressure
A: Cross sectional area

.

9404050179 -

fod i
9 Design condition Method of analysis
+ X . .
i Items of analysis vaterial Teape- Design load Numerical equation Analysis Remarks
= eri ; Load applied criteria
g pplied or element
A rature Kind Factor Element
[Note 3}
4, Immersion Taking Su as the criteria, establish
4B°t reference value for each of the
(1) Primary container lid SUS304 lOOQC External pressure 1 Buckling load Pe = Free of buckling| stress categories
hull part ZDO
B ; Shape factor
Do; Container outer diameter
' _ PDm ) A
o (2) C?nter of primary container SUS304 100°C External pressure 1 Combined stress Oy =— —
¥ 1id hull part 2t
o
j= 0
»
o 2 == _Pﬂm_ > Formula of
S 4t thin wall
+ cylinder
o p i
(o] fog r — —— [Note 3]
: ¢
g P-R-W &
g (3) gz:zzznzi primary container upper part SUSBO4 100°C External pressure 1 Combined stress O =0 r=— ( -——2—{:— +O.1P)
P ANSTEC
¥ 0 == ) APERTURE
E 2 " CARD
o (4) Primary container body SUSSO4 IOODC External Buckli load — bucklin
o nal pressure 1 uckling Pe = Free of buckling
< hull part 2Do Also Avallable on
Aperture Card
B ; Shape factor
Doj Container outer diameter
Ro2+R:i2 ) )
(5) Center of primary container SUS304 IOODC External pressure 1 Combined stress Os = —P —
body hull part RO 2 —R; 2
! Equation of
2 thick wall
Or =— P _&g.__— r cylinder L
ROZ_.R,'Z [Note 31
gr —— P J
(6) Center of primary container SUS304 100°C External pressure 1 Combined stress Equation as same as given )
body bottom part in Item 1.2(4).
1
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A.2 Veight and center of gravity
The weight of this package is approx. 450 kg, and the location of

center of gravity is given as shown in Fig. (I1)-A.2.
$620

[T
LA

1200

590

Fig.(I1)-A.2 Location of center of gravity

A.3 Package's criteria
A.3.1 Chemical and galvanic reaction
The materials contacting with each other inside the packaging
during the normal transport are mainly those given in the
following, which are free of any particular chemical or
galvanic reaction with each other : -
Stainless steel - Copper plate
Stainless steel - Aluminum
Stainless steel - Silicon rubber
Stainless steel - ZrCo
Stainless steel - Balsa wood
Stainless steel - Solder
Stainless steel - Ethylene propylene

Copper plate - Balsa wood

(I1)-a-21



A.3.2

A.3.3

A.3.4

Low temperature strength

As for the employed materials and components of the

containment system, the charactaristics under low temperature

condition(-407C) are as follows

@ Austenitic stainless
steel (Type 304) free of fracture due to

?
@ Aluminium brittleness

(Material of spacer body).
@ Precipitation hardened the brittleness transition
steel (Type 630) }’temperature is lower than -40T
@ Metal O-ring : there is no difference between the
load-displacement relation at room
temperature and that at -40C
® Silicon Rubber : the lowest service temperature is lower
than -40C
® Balsa-wood : there is no significant difference
between the stress-strain relation at
room temp. and that at -40°C
Containment
The primary container will be fastened with the primary
container lid by bolts after the capsule being installed
therein, thereafter contained into the protective container so
that it is kept closed as well as the valves thereon kept out
of unintentional opening.
Lifting device
As for the lifting device, evaluation has been undertaken to
verify the stress generated being lower than the design yield
stress under the design load which is taken 3 times the
nominal loading. (The results of the evaluation are shown in
Table (I1)-A.7)
(11)-a-22



A.3.5

A.3.6

A.3.7

Tie down device

As for the tie down device, evaluation has been implemented on
the basis of the guideline which is given by Japanese
Competent Authority, where it has been verified that the
stress generated is lower than the design yield stress. (The
results of the evaluation are shown in Table(Il)-A.8)

Preséure

The integrity of primary container has been evaluated under
the condition that the external pressure is reduced to 25 kPa.
(The results of the evaluation are shown in Table(I[)-A.9)
Vibration

The natural frequency of vibration under the status of
transportation of the package, namely, the natural frequency
of the vibration of the package placed in a fastened stance
through the eyeplate in vertical attitude has been calculated,
and it has been verified that the natural frequency of the
package (which is approx. 300 Hz), is significantly higher than
the frequency of vibration imposed on the package during
transportation(which is approx. 0 ~ 50 Hz), so that it is free

of resonance.
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A.4 Normal conditions of transport

A.4.1 Design pressure and temperature

@ Design temperature

The design temperature has been defined as 100°C, taking

an adequate margin against the result of thermal analysis,

under which the structural evaluation has been implemented.

@ Design pressure

i)

i)

Pressure inside the primary container

The design internal pressure of primary container has
been defined by giving an adequate margin to the
paximum normal operating pressure(0.056 MPa-G) which
is obtained in B.3 of thermal analysis.

Capsule

The inside of the capsule is in vacuum initially, and
it will be pressurized during transportation with
helium gas generated by decaying of tritium ; however
the internal pressure of the capsule will be so
defined as to make the maximum differential pressure
between the primary container and capsule internal

pressures for the purpose of structural evaluation.

Considering the above, the design temperature and design

pressure of the package are defined are shown in

Table (11)-A.4.
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Table(II1)-A.4 Design pressure

Normal conditions of transport | Accident conditions of transport

(thermal test)

Location
Design Design Design Design
temperature (C)| pressure (MPa + G) | temperature ()| pressure (MPa * G)

Protective | Maximum| Minimu

container ) (=) )
100 -40

Primary 100 -40 0.071 200 0.121

container

Capsule 100 -40 -0.101 200 -0.101

A.4.2 Thermal test

The following has been implemented on the basis of design

temperature and design pressure so as to verify the integrity

of the package.

@ The effect of thermal expansion differences between
adjacent structural components.

® Stress evaluation and displacement investigation of the
containment devices under the considering of internal
pressure and thermal expansion. (The results of the

evaluation are shown Table(II)-A.10)

A.4.3 Water spray
All of the material employed as the external surface of the
package is stainless steel, free of any moisture absorption,
so that no degrading of the structure will be anticipated by
corrosion, and the lid part of protective container is
provided with prcking, so that no moisture intrusion will be
anticipated proceeding inside the package by the water tight

structure.

(11)-A-25



A.4.4 Free drop
The weight of package is approx. 450 kg, and the height of
drop to be applied the package is 1.2 m in the normal test
condition.
The evaluation of generating acceleration will be executed by
VDM method, (volumetric displacement method), the calculated
accelerations and deformations assosiated with each of the
drop tests, in the vertical, the horizontal and in the corner

drop are given by VDM method as follows : -

Center of gravity

—_,— - —t— =}

Vertical Drop Horizontal Drop -Corner Drop

Table(I1)-A.5 Accelerations and deformations under 1.2 m free drop

Drop angle | Acceleration | Deformation
Attitude [°] [xXg] (mm]
Horizontal 90° 440 approx. 20
Top end 170 approx. 35
Vertical 0°
Bottom end 170 approx. 30
Top end 26.9° 450* approx. 55
Corner
Bottom end 27.7° 450* approx. 55
% Vertical component : 160-+g

% Horizontal component : 420-g

(I1)-4-26



A.4.5

A.4.6

Where

g : gravitational acceleration g = 9.81[m/s?]

(Note) o The deformation is taken as the sum of the
deformation of internal surface of protective
container and the deformation of external surface
of the protective container.

o The impact energy absorption of the primary
container and the capsule shall be made by the
deformation of the balsa wood and that of the
protective container shall be made by the
deformation of this steel plate of protective
container.

It has been verified that the stress generated in the
containment system does not exceed the design criteria when a
acceleration is imposed thereon. (The results of the

evaluations are shown in Table(I[)-A.11 ~ Table(II)-A.15)

Penetration

When a ¢ 32 mm steel rod having 6 kg of weight is dropped from
a hight of 1 m, the potential energy is 5.89 x 104{J], this
value is smaller than the smallest energy to penetrate the
external plate or fusible plug part of the protective
container (9.52 x 10*[J]), therefore no puncture occurs upon
any part of protective container.

Stacking test

It has been verified that the protective container may keep
its integrity maintained even in the case of where 5 times the
self weight is loaded on the package. (The results of the

evaluation are shown in Table(II)-A.16)
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A.5 Accident conditions of transport
As the accident test condition, the state of the package shall be
evaluated when the package is implemented under the followings :
® Drop test I, @ Drop test 11, @ Thermal test and, @ Immersion
test.
The sequence of the test @ and @ shall be specified @ to @ in

order that the effects might be superimposed with each other.

T—T
/ ————
; ——
800°C X 30min ? 15m
/]
/] .
/] Y
Sm - jj
- bmoggo 2
@ Drop test @ Drop test @ Thernmal test @ Immersion
I i test

A.5.1 Drop test I
Evaluation is undertaken in this case as like as the case of 9
m free drop test in which VDM method is to be applied.
The generating accelerations and deformations associated with
each of the vertical, horizontal and corner drop tests are

shown as follows.
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Table (II)-A.6 Acceleration and deformation under 9 m drop test

Shock absorber hock absorber's | Shock % | Shock
absorber's
analysis inimum thickness| absorber minimum Bcceleration|
thickness
position before drop deformation | after drop
(mm) (mm) (mm) (g)
Top end part 217 approx. 155 | approx. 70 370
Vertical drop
Bottom end part 217 approx. 150 | approx. 75 370
Horizontal
Cylindrical part 117 approx. 90 | approx. 30 640
drop
Top end part 245 approx. 170 | approx. 75 625*
Corner drop
' Bottom end part 260 approx. 150 | approx. 115 625*
% Horizontal component : 530+g **Sum of internal &1i and external

Vertical component

A.5.2

: 330+g

deformation 8o of the protective

container

It has been verified that the stress generated on the

containment system, etc. is lower than the criteria, the

integrity being maintained even in case the above

accelerations imposed thereon.

(The results of the evaluations are shown in Table(I[)-A.17 ~

Table (I1)-A.21)

Drop test I (1 m puncture)

It has been verified that no puncture occurs on the protective

container or the sum of deformation by drop test I and II

b 3

does not attain to the primary container by comparing the

extention of the porotective container's external plate by the

impact energy with the maximum elongation of stainless steel

when it is dropped from a height of 1 m onto a ¢ 150 mm mild

steel bar after being subjected to the drop test I.(The-

results of the evaluation are shown in Table(Il)-A.22)
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A.5.3 Thermal test
The stress associated with internal pressure and temperature
of the containement vesssel (the capsule and primary container)
during and after its being subjected to a 300°CX30 minutes
thermal test has been evaluated and it is concluded that
actual stress is lower than allowable stress criteria.  (The

results of the evaluations are shown in Table (II)-A.23)

A.5.4 Immersion test
Buckling and stress evaluation of the primary container has
been undertaken when as external pressure is imposed
associated with the package being subjected to 15 m water
depth immersion, and it is verified that no damage incurred
thereon. (The results of the evaluations are shown in

Table (II)-A.24)

A.6 Stress evaluation results
The stress evaluation results in this structural analysis are
summarized in Table(II)-A.7 ~ Table(II)-A.24.
As for all of the evaluations items, the values of the margin of
safety are larger than 0, therefore it is demonstrated that the
package is satisfied with the structural criteria.
A.7 Referenced documents
[1]1 J. Roark "Formulas for Stress and Strain”
5th ed. MoGraw - Hill Co.
[2] Technical Standards for Structure, etc., Regarding Nuclear
Power Facilities for Generating Electric Power

(Official Notification No501, 1980)
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Table (II)-A.7 Result of Evaluation of the Stress Imposed

on the Lifting Device Under the Routine

Condition
Conditions Jtems of analysis Load D?sig? Value Pf design | Analysis gesult MS
criteria | criteria {N/mm#] [N/mm*]
Lifting device 3 times the
weight of package
Portion of eye bolt
Routine installation

condition
(1} Tensile stress Sy 171 20.2 7.46
(2) Shear stress 0.6Sy 103 20.2 4.10
(3) Combined stress Sy 171 45.2 2.78

Sy: Design yield strength

(11)-4-31
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Table (IT)-A.8

Summary of Results of Evaluation of Stress Imposed on the

Tie Down Device under the Routine Condition

Unit of analysis standard values and analysis results; N/mm?

; Kinds of Design Analyéis
Condition Items of analysis loads eriteria standard value Analysis results MS
. : 2g for
Tie down device longitudical
2g for
Upper eyeplate of tie down device vertical
A-A‘section (1) Shear stress ::gs}r:s:g{ 0.6 Sy 147 13.7 9.72
(1) Bending stress Sy 245 13.3 17.4
B-B*section (2) Shear stress 0.6 Sy 147 4.16 34.3
Routine (3) Combined stress Sy 245 15.7 14.6
condition
(1) Bending stress Sy 245 29.6 7.27
B-B section
(2) Shear stress 0.6 Sy 147 9.23 14.92
(welding part)
(3) Combined stress Sy 245 34.9 6.02
c-C®section (1) Tensile stress Sy 245 1.76 138
C-C section (1) Tenslle stress Sy 245 3.91 61.6
(welding part)

Sy: Design yield strength

Sec A-A,

B-B and C-C

MS: Margin of safety

; See Fig.(HO)-A.3, 4 and 5




Turn buckle @

(Left)
16
: |
8 - (Rear)ZG
. |
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(Right)
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—% u % u =3
“ i
Turn buckle (2) . ]
Tie-down device upper part
0=4656 E=40 /400
! /
+ i = |I®
o
i £ Turn buckle
] a
ol |
! ) (Up)
| 2 16
G Rl
26 3
o~ M
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n 3{iG 2 &
6‘ . x
3 .
; #620(outer dia. of|
b package) 3G
| (Down)
2 ; Tie-down device o
- | lower part -
I
B _B Unit [mm]

Fig.(II)-A.3 Acceleration during transport
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aﬂ4.3\\//A Unit: mm

Fig. (D)-A.4 Analysis model associated with the tie-down

device upper part eveplate

Welded part

Eyeplate on the upper part

a=12 of the tie-down device
~
Unit [mm]
&) ) Fhe
@

Fig.(O)-A.5 Analysis model associated with the welded

part of the eveplate
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Table (11)-A.9

Results of Stress Evaluation under Variation of Pressure (1/3)

Unit of stress & stress intensity: N/mm?

Strziiezzd Evaluation of composite
intensity | Stress | Stress Thermal Evaluation of primary stress intensity stress intensity Fatigue evaluation
- imposed by| imposed stress (primary + secondary)
2 initial | by the ]
E\ Location fa;tening internal PL+Py PL+Py
where cree | presswe Pa(P) | Sm | MS |Pu+Ps |1.55m | MS 3m | MS sa | N Na | OF | MS
evaluation ‘ +Q +Q+F
conducted
Tr —0.147 -
Center . of primary
A T’ | s - 0.23 4.57 | 0.38 | 137 | 350.5| -— - - 4.95 | 411 82.0 | 4.95 | 2.48 | 100 > 105 | 1x107% | 1x10*
Oz 0.04 4.57
g Or _5.92(b)
4l os - -5.920) -
Center of E
e 18 os ~0.147 1.85x
(ED body bottom 0.074 137 5.92 206 33.7 5.92 411 68.4 | 5.92 2.96 100 > 108 | 1x107% | 1x10%
w8 g, 5.92 (b) 10°
;: Te - 5.92(b) - A STE
i, 0 APERTURE
.| o ~1.30() l
g 2 vaiiable ¢n
‘s - ] =0.390)| - perture Card
F;iti)‘i;r;f s Oz - Sy Sy
©)] copsainer ~ - - | 1.30 130.5 | 1.30 130.5 | 1.30 | 0.65 | 100 | > 105 |1x107*| 1x10*
s | o 1.30(b) =171 =171
:los - 0.390)| -
o, ~
Or —0.074
Center of primary
© e e | T - 2.04 - 2.11 | 137 63.9 - - — 2.11 | 411 193.7 | 2.11 | 1.06 | 100 > 108 | 1x107% | 1x10*
gz 1.02

Pm; Primary membrane stress
Frequency of uses

strength MS; Margin of safety

*3

Pr,: Primary local membrane stress

Py3 Primary bending stress

(b); Bending component

Q; Secondary stress

F; Peak stress

9404050 179-

(m)-

Sa; Repeated peak stress intensity Nj
Na; Allowable frequency of repetition DF; Coefficient of fatigue accumulation Sm; Design stress intensity Sy; Design yield strength Su; Design tensile
Stress concentration factor=4
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Table (I1)-A.9

Results of Stress Evaluation under Variation of Pressure (2/3)

Unit of stress & stress intensity: N/mm?

Stress and Evaluation of éomposite
stress Stress | Stress Thermal Evaluation of primary stress intensity stress intensity Fatigue evaluation
_ intensity imposed by| imposed stress (primary + secondary)
2 initial by the
E |iocation fastening | internal PL+Pp PL+Py
where force | pressure Pu(P) | Sm MS | Pu+P» |1.5Sm | MS 3Sm MS Sa N Na DF HS
evaluation +Q +Q+F
conducted
Or 2.17
® container boty 124 | 0y 2.17 - 2.24 | 137 60. 1 — — - 2.24 | 411 182.4 | 2.24 | 1.12 | 100 > 108 | 1x107* | 1x10*
upper part
Oz —0.074
$ | o 2.05(b)
Z o, - 0.62(b) —
cmraoes | © | s - Sy Sy
144 Flange — — - 2.05 82.4 | 2.05 82.4 | 2.05 | 1.03 | 100 > 10% | 1x107* | 1x10*
’ s | 0. —2.05(b) =171 =171
® o, | = |-0.820) -
3 o2 —_
ANSTEC
@ Dpisplaceneas ©=3.02X10"* [mm] APERTURE
Primary container
?d in};ide O-ring @ Initial displacement of O-ring § =1, [mm] CARD
18p acement
@ Residual displacement of O-ring At: 6 - :1.0997 [mm] A%emal"elag‘aeﬂ?n
Primary container lid SY/15 Sy
©)] tao i 280.8 | 3.0 | 56.3 | 283.9 056 | — | - | - |340.2 0.95 |1360.8% 680.4 | 100 | 1000 |0.1 9
=444 =666

Pm; Primary membrane stress
Frequency of uses
strength MS; Margin of safety

*

Prt Primary local membrane stress

Py3 Primary bending stress
Na; Allowable frequency of repetition DF; Coefficient of fatigue accumulation
3 Stress concentration factor=4

(b); Bending component

Q; Secondary stress

F; Peak stress
Sm; Design stress intensity Sy; Design yield strength Su; Design tensile

9404050 1793~

Sa; Repeated peak stress intensity Nj
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Table (11)-A.9Q

Results of Stress Evaluation under Variation of Pressure (3/3)

Unit of stress & stress intensity: N/mm?

Stress and
stress

Evaluation of composite

intensit Stress |Stress Thermal Evaluation of primary stress intensity stress intensity Fatigue evaluation
— intensity imposed by| imposed stress (primary + secondary)
2 initial | by the
E‘ Location faztening internal PL+Py PL+Po
where oree | pressure Pa(PL) | Sm MS  |PL+P» [1.5Sm | HS 3Sm MS Sa N Na DF MS
evaluation +Q +Q+F
conducted
g (04 _15.1(b)
; s - —15.1(b) -
Center of :‘2 Tz _'0-].47 185X
@ valve cover 0.074 137 15.1 206 12.6 15.1 411 126.2 15.1 7.6 100 > 108 | 1x107% 1x10%
2o, 15.1(b) 10°
oo | - 15.10) -
g gz 0
Sy/1.5 Sy
@ Valve cover tie down bolts 274 1.01 59.2 275 0.61 - — — 334.2 | - 0.99 |1336.8% 663.4 100 1000 0.1 9
=444 =666

Al
A

NSTEC

AR

APERTURE

Avzilable on

rture

1

rd

Pm; Primary membrane stress

Frequency of uses

strength MS; Margin of safety

*

Pr: Primary local membrane stress
Na; Allowable frequency of repetition DF; Coefficient of fatigue accumulation
3 Stress concentration factor=4

Py3 Primary bending stre

(b); Bending component

88

Q; Secondary stress

F; Peak stress

Sa; Repeated peak stress intensity Nj

Sm; Design stress intensity Sy; Design yield strength Suj Design tensile

9404050179 —
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Table(I1)-A.10 Stress Fvaluation Results under the Normal Conditions of Transport (Thermal test) (1/3)

Unit of stress & stress intensity: N/mm?

Stress and Evaluation of composite
stress Stress |Stress Thermal Evaluation of primary stress intensity stress intensity Fatigue evaluation
g intensity {imposed by| imposed stress (primary + secondary)
2 initial | by the
E‘ Location fastening | internal PL+Py PL+Po
where force pressure Pn(PL) Sm MS P +Py | 1.5Sm MS 3Sm MS Sa N Na DF MS
evaluation +Q +Q+F
conducted
Or _"0.09
(B) | center of capauie | gy - 2.3 — 2.41 | 137 | 55.8 | - — — | 2.41 | 411 | 189.5| - - — - -~ -
body hull part
gz _1.16
g Cr 5.77 (b)
3o - 5.770) - ANSTEC
PE
Center of | & | Oz 0 1.59x% A C[R\ gRE
capsule body 0.086 | 137 5.71 206 34.7 5.77 411 70.3 - - - - -
ottom part °
g19r —5.77(b) 10° Also Avallable on
: Aperture| Card
4 | Os - =5.77(b) -
ilos ~0.172
Or —0.071 —
Center of primary |
©) i ™ | oo - 0.11 4.57 | 0.18 | 137 |760.1 | - - - | 475 | 41 85.5 | 4.75 | 2.38 | 100 | »10° | 1x107% | 1x10°%
g 0.02 4,57
g Or —2.86 (b)
2l e —~ -2.86() -
et 1 i os ~0.071 3.80x . )
@ container 0.036 | 137 2.86 206 71.0 2.86 411 142 2.86 1.43 100 > 108 | 1x10 1x10
bocron pare | & | O r 2.86 (b) 103
2| o - 2.86(0b)| -
g Oz 0

Pm; Primary membrane stress

Frequency of uses

Pr: Primary local membrane stress

Py3 Primary bending stress

Q; Secondary stress

F; Peak stress

Sa; Repeated peak stress intensity Nj

Naj Allowable frequency of repetition DF; Coefficient of fatigue accumulation Sm; Design stress intensity Sy; Design yield strength Su; Design tensile

strength MS; Margin of safety

*

; Stress concentration factor=4

(b); Bending component

94040SO 179 —
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Table (I1)-A.10 Stress Evaluation Results under the Normal Conditions of Transport (Thermal test) (2/3)

Unit of stress & stress intensity: N/mm?

Stress and
stress

Evaluation of composite

Stress Stress Thermal Evaluation of primary stress intensity stress intensity Fatigue evaluation
~ intensity |inposed by imposed stress (primary + secondary)
2 initial | by the
& Location fa;gizing internii : PL+Py PL+P»
where pressu Pmn(PL) Sm MS Pu+Py | 1.5Sm MS 3Sm MS Sa N Na DF MS
evaluation +Q +Q+F
conducted
g Or —0.63(b)
i | o, - 1 =0.190) -
Flange of § Oz - Sy Sy .
@ primary - - - 0.63 270 0.63 270 0.63 0.32 11074 | 1x104
Tty |3 | o 0.63 (b) =171 =171
“ o —~ 0.190) - E
K o .
14
Or —0.04
B | “romatinm | o, ~ 0.99 ~ 1.03 | 137 | 132.0] - - — | 1.03 | 411 | 398 | 1.03 | 0.52 | 100 | > 105 |1x1074| 1x10%
hull part
Oz 0.49
Or 1.06
Center of primary
(©)] Eisseiclal N —~ 1.06 —~ 1.10 | 137 | 123.5| - — — | 110 | 411 | 372 | 1.10 | 0.55 | 100 | > 105 |1x107% | 1x10*
gz —_0.04
g Or O.QQ(b)
ilos | - 0.30)| -
| Primary 3 g - Sy Sy ' s
Kw sontainer - - - 0.99 171.7 1 0.99 171.7 1 0.99 0.50 100 > 108 | 1x107*% | 1x10
B I ~0.99(b) =171 =171
i’: o5 — —0.30(b) -
3o, —

Pm; Primary membrane stress
Frequency of uses

strength MS; Margin of safety *

Pyt Primary local membrane stress
Na; Allowable frequency of repetition DF; Coefficient of fatigue accumulation Sm;

Py3 Primary bending stress

3 Stress concentration factor=4

(b); Bending component

Q; Secondary stress F; Peak stress

Sa; Repeated peak stress intensity N;

Design stress intensity Sy; Design yield strength Suj Design tensile

q404050.179~
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Table (11)-A.10

Stress Evaluation Results under the Normal Conditions of Transport (Thermal test)

(3/3)

Unit of stress & stress intensity: N/mm?

Stress and

—

Evaluation of composite ]
stress Stress Stress Thermal Evaluation of primary stress intensity stress intensity Fatigue evaluation
— intensity linposed by| imposed stress (primary + secondary)
2 initial |by the
E; Location fastening | internal PL+Ps PL+Ps
where force | pressure Pu(PL) | Sm | MS |PuPy |1.55m | MS 3 | MS sa | N Na | DF | HS
evaluation +Q +Q+F
conducted
i acement = -4
Px‘rimary container @ vert @ 1. 46 % 10 [mm} APERTURE
@ lliiisr;s]_jf:euz-:ting @ Initial displacement of O-ring 6 :1.1 [mm} z CARD
@ Restauat esspiacensnc of 0-ving AL= 6 — w=1.0098 [ma) 1 Qreing czoms section diamacizt .6 e, N aperture Qv
Primary container lid Sy/l . 5 Sy
(:) fastening bolt 280.8 1.49 96.3 282.3 0.57 - - — 338.6 0.96 |1354.4% 677.2 | 100 1000 0.1 9
' =444 =666
i]or —7.28(b)
2| os - | -7.280) -
enter © g Oz —0.071 3.85x% )
(@) | vaive:cover 0.036 | 137 7.28 | 206 | 27.2 | 7.28 | 411 | 55.4 | 7.28| 3.64 | 100 | > 108 | 1x10°% 1x10*
§lo- 7.28() 103
2 los ~ 7.280) -
g Tz 0
Val tie down bolt Sy/1.5 Sy
070} R R B 7 0.49 59.2 | 274.5 0.61 - - — | 333.7 0.99 |1334.8% 667.4 | 100 | 1000 | 0.1 9

Pm; Primary membrane stress
Frequency of uses

strength MS; Margin of safety

Pr,: Primary local membrane stress

Py3 Primary bending stress

(b); Bending component

Q; Secondary stress

F; Peak stress

9404050179 - 2 O

Sa; Repeated peak stress intensity Nj
Na; Allowable frequency of repetition DF; Coefficient of fatigue accumulation Sm; Design stress intensity Sy; Design yield strength Su; Design tensile
*; Stress concentration factor=4

(II)-A-40




Table(I[)-A.11 Stress and Evaluation Results under 1.2 m Bottom End Vertical Drop (1/1)

Unit of stress & stress intensity: N/mm?

Stress and

Evaluation of
stress intensity | Stress

. L \ . composite . .
. imposed i;gzzzd 22§2221 i;gii:d Evaluation of primary stress intensity stress intensity Fatigue evaluation
a by by the by the 1 (primary + secondary)
g initial |internal impact ' P +p P, +P
%] f : LD L"b
. Morce | oSN PP | Sm | B [PusPs |1.5Sn | S TS Sa | N | N | OF | IS
Location where
. ] H+F
evaluation conducted
Or 0.09 -
@ Capsule nozzle T - —0.48 — — u.4 | 137 0.45 — — - .4 | 411 3.35 | — — — - -~ —
Oz _0.24 94.2
8 Or - '_'125-7(b)
lo. | - - — | -37.80
17 > ANSTEG
5o ~ - APERTURE
(B) | centes ot capote iange - | = | - | =726 |03 1257 |41 | 25| - | - |  ~CARD| - | -
bt Tr - 125-7(b) :
y Aiso Available jon
5 | o, — - — 37.8() Aperture Cargd
S o, _ _
Or —0.09 -
©) @rsste vty mtrpare | o, |~ | 233 - - |85 |17 264 | ~ | - | - |25 |41 |29 - | — | - | = | - | -
Oz —1.16 28.3
Or —0.071 - -
(D) | oty st Ty soncainer | —~ 0.1 | 3.66 - 10.8 | 137 |11.6 - - — 1108 | 411 | 37.0 | 10.8 | 5.4 | 100 | > 108 |1x107% | 1x10-4
Oz 0.02 3.66 —10.7
Sy/1.5 Sy Sy
@ Valve cover tie down bolts Ob 24 0.49 59.2 8.7(b) | 274.5 0.62 |283.2 13.5 | 342.6 0.94 1370* 1 685 | 100 1000 0.1 9
=444 =666 =666

Pm; Primary membrane stress Py: Pfimary local membrane stress Pps Primary bending stress Q; Secondary stress F; Peak stress Saj Repeated peak stress intensity Nj

Frequency of uses Naj; Allowable frequency of repetition DF; Coefficient of fatigue accumulation Smj Design stress intensity Sy; Design yield strength Su; Design tensile
strength MS; Margin of safety (b); Bending component *; Stress concentration factor=4

“WO'—‘OS'OI'?? t‘- (I)-A-41




Table (IT)-A.12 Stress Evaluation Results under 1.2 m Top End Vertical Drop (1/1)

Unit of stress & stress intensity: N/mm?

Evaluation of
Stress and composite
stress intensity | Stress |[Stress Thermal | Stress Evaluation of primary stress intensity stress intensity Fatigue evaluation
3 imposed |imposed | stress impcsed (primary + secondary)
8 by by the by the
o initial |internal impact PLPo P +Po
Location where f;zzizlng pressure Pn(PL) Sm MS PutPo | 1.55m MS Q Nm MS F Sa N Na DF MS
evaluation conducted
Or _0.09 -
(A) | Capsuie nozzle 0 - | -0.48 - - 4.3 | 137 | 0.4 | — = - | %3 |41 | 33| - ~ - - ~ -
o2 —0.24 —-94.2
‘é Or - 125.7(b) )
flo. | - - - | 37.80) ANSTEC
APE TURE:
=210z - -
(B)| capsute frange - ~ ~ |125.7 | 206 | 0.63 |125.7 | 411 | 2.28 | — — CARD | _ —~
E‘; (O - ""125.7(b) A‘so ?Jaﬂahi;én
oo | - - — | -3:.80) >, Apertire ©
3. — _
Sy/1.5 Sy
© Capsule flange fixing bolts — — J— 23.9 23.9 17.5 —_ —_ — 23.9 26.8 —_ — —_ — . —_
Or 0.09 -
(D) | Conter of capsuie body oo | — |-2.% —~ - |26 | 137 | 362 — - | - | %6 |41 |128 | - - - - r> -
o, ~1.16 —28.3 940‘4050]7q - AI
Tr _0.071 -
()| ooneer, of primary contatner | g7, | 0.99 — — a7 | | ] - | - | - |87 | | 7.43) 8.7 | 244 | 100 | >10°|1x107* | 1x10*
Oz 0.49 —48.2
o- 1.06 —53.5
Center of primary container -
(F)| 1 vreer o 0o - 1.06 — | —53.5 | 53.5 | 1% 1.5 | — = — | 53.5 | 411 6.68 | 53.5 | 26.8 | 100 | > 10% | 1x107* | 1x10°*
Oz —0.04 —1.80
( Sy/1.5 Sy Sy
@ Valve cover tie down bolts log™ 214 0.49 59.2 8.7(h) {274.5 0.62 | 283.2 1.35 |342.4 0.94 | 1370* | 685 100 1000 | 0.1 9
=444 =666 =666
Pm; Primary membrane stress Pr,: Primary local membrane stress Ppj; Primary bending stress Q; Secondary stress F; Peak stress Sa; Repeated peak stress intensity Nj

Frequency of uses Na; Allowable frequency of repetition DF; Coefficient of fatigue accumulation Smj Design stress intensity Sy; Design yield strength Suj Design tensile
strength MS; Margin of safety (b):; Bending component *: Stress concentration factor=4 (I1)-A-42 '




Table(11)-A.13 stress Evaluation Results under 1.2 m Horizontal Drop (1/1)

Unit of stress & stress intensity: N/mm?

‘ | Evaluation of f
Stress and ) composite
stress intensity | Stress [Stress Thermal | Stress Evaluation of primary stress intensity stresspintensity Fatigue evaluation
é 1mpg;ed ;?pg;:d stress ;?p:;:d (primary + secondary)
o initial {internal impact : PL+Py P +Po
Location where f;ziizing pressure PnPu) | Sm MS PPy [1.5Sm | MS +{] 3m MS 0 Sa N Na DF S
evaluation conducted
Or —0-09 -
Ts —0.48 -
(A)| capsule nozale - - 0.39| 137 1350 |104.2 | 206 | 0.97 [104.2 | 411 2.94| - - - - - -
Oz —0.24 103.9(b) ANSTE
z - 2.1 APERTURE
CARD
Or _0.09 -
P Also Available ¢n
@ Capsule body hull part o8 - -2.32 —  147.9(0b)} 48.0 | 137 1.84 1150.1 | 206 0.37 {150.1 | 411 .73 - — Aperture €Card — -
Oz —1.16 —46.9
. Sy Sy
@ Capsule flange fixing bolts | Ob - - - 252-5(b) - - - 252.5 1.63 |{252.5 1.63 - - - - - -
=666 =666
Or —0.071 - —49.8
(D) | Conter of primary concatoer | | 0.11 | 3.86 — 500 | 137 | 174] - —~ — |53.6 | 411 | 6.66| 53.6 | 26.8 | 100 | > 108 [1x107* | 1x10*
Oz 0.02 3.66 -
boi . . Sy/1.5 Sy Sy
()| 7l comtaier lid o | 280.8 | 1.49 | 5.3 49.8(b)| 282.3 0.57 | 332.0 1.00 |388.4 0.71 |1553.6% 776.8 | 100 | 1000 | 0.1 | 9.0
1ie down Dboits :444 :666 :666
Or —0.071 - -
)| i s e o, | - 0.99 —~ - 1.06 | 137 |128.0 | 14.9 | 206 [12.8 | 14.9 | 411 | 26.5 | 14.9 | 7.5 | 100 | » 108 |1x107* | 1x10*

Pm; Primary membrane stress Pr: Primary local membrane stress Ppj; Primary bending stress Q; Secondary stress F; Peak stress Sa; Repeated peak stress intensity Nj
Frequency of uses Naj; Allowable frequency of repetition DF; Coefficient of fatigue accumulation

Sm; Design stress intensity Sy; Design yield strength Su; Design tensile
strength MS; Margin of safety *; Stress concentration factor=4 (b); Bending component

94o40S0I79 = 2 3 TIREE




Table(Il1)-A.14 Stress Evaluation Results under 1.2 m Bottom End Corner Drop (1/1)

Unit of stress & stress intensity: N/mm’

Stress and. ' = 2 Stress EvaluatiQn of of
stress intensity g.g 9 imposed by Evaluation of primary stress intensity strz:zpzit2§sity Fatigue evaluation
— §‘§ é:g the impact (primary + secondary)
,8 ELH g ;_; mThermal
& o ': 5 u stress PL+Ps PL+Ps
N : s 8l e a e vorstea 1PnPL) | Sm | MS |PuPs [1.5Sm ) WS X | W Sa N Na DF MS
Location where iR vl B AP component |component F
evaluation conducted (J/J)Ei uc-)« & e a H
Or —0.09 - -
(O —0.48 - -
@ Capsule mozzle - - 68.6 | 137 0.99 | 172.7 | 206 0.1 (172.7 | 411 1.37 - - - - - -
Oz —0.24 103.9(b)| 68.5
T - 2.1 —
Or —0.09 - -
B)| Smier i oz oo | — 232 | — H4LIG) — | 18.2 | 137 | 6.44{143.3 | 206 | 0.43 [143.3 | 411 | 1.86 | - - ~ -~ - -
Oz —1.16 —43.9 | 26.6
@ Or - - "127.5(1)'
floe | = | = | - | - 570 ANSTEC
L . o APERTURE
(©)] capsure srange - | - | - |25 a6 |oe |1z5 |an 22| - | - | CARD | - | -
it Or - - 127.5(b'
4 Also Available ¢n
i Te - - - - 35.7 (b} Aperture Card
3 O _ _ _
Or ~—0.071| — =52.6 -
([D)| Goncor,of primmy comestner | |~ 4011 | 3.36 | - — | 528 | 137 1.59 | — — — | 56,1 | 411 | 6.32 | 56.1 | 28.1 | 100 | >108 |1x107% | 1x10%
Oz 0.02 | 3.3 — —10.1

Pm; Primary membrane stress
Frequency of uses

strength MS; Margin of safety *;

Pr+ Primary local membrane stress

Stress concentration factor=4

Pys Primary bending stress
Na; Allowable frequency of repetition DF; Coefficient of fatigue accumulation

(b); Bending component

9404050179 - 2 Ll-*

Q; Secondary stress F; Peak stress Saj; Repeated peak stress intensity Nj
Sm; Deslgn stress intensity Sy; Design yield strength Su; Design tensile

(I1)-A-44




Table (I)-A.15

Stress Evaluation Results under 1.2 m Top End Corner (1/1)

Unit of stress & stress intensity: N/mm?

Stress and‘ ' Pl 2 Stress Evaluati?n of of
stress intensity g-§ g imposed by Evaluation of primary stress intensity strzzzpzthisity Fatigue evaluation
A o the impact ;
g 'éﬂﬁ §'§ ) Thermal (primary + secondary)
i : " .: R stress . PL+Py PL+Py
" . cndl e a commone ettt 1Pe@PU) | Sm | KBS |PutPe [1.5Sm | IS Xn | W Sa N Na | OF | K
Location where ahnal oo component |component +Q +Q+F
evaluation conducted a85dlE5 4
Or —0.09 - -
Ts —0.48 - -
(&) capsute nosle - — 68.7 | 137 | 0.99 |172.6 | 206 | 0.18 |172.6 | 411 [ 1.3 | —- | — | — | - | - | -
Oz —0.24 -103.9(b)-68.5
4 - 2.1 -
Or r0.09 - _
)] cweme vty mrpaze gy |~ 232 | — MLIG)| - | 715 [ 137 | 0.91 |143.3 | 206 | 043 [1433 |41 |18 | - | - | — | - | - | -
Tz —1.16 —43.9 —26.6
, | o - ~ 2.5
o | = | = | = | = |30
§ (O - - -
©)] cepsete s1s0ee = | = | & 1275 [ 26 | 0.61 {1275 | 41l [ 222 | — | — | —Ampgm.l — |
3 Or - — -127.5() A @ﬁﬁzgéigafﬁ
oo | = |~ | - | -
i . — o
@ Capsule flange fixing bolts | O'b — - - 189.7M){21.2(6)] — — - 1229 Sy=666| 1.90 |229 Sy=666] 1.90 | 916* [458 100 2000 | 0.05 | 19.0
Primary container lid S_‘{/l.S | -
)| Frimry conta oo |280.8 | 1.49 | 56.347.6()|33.1(b)| 282 0.57 |33 Sy | 0.83 |419.3 |Sy=666 0.58 [1677° [839 | 100 | 700 | 0.14 | 6.1
=444 =
or —0.071 - —
(E)| Frimmy soncaines ce | — 09| - - — | 46.1 | 137 | 1.97 | 59.8 | 206 | 2.44 | 50.8 | 411 | 5.87 | 59.8| 20.9 | 100 | 1000 |1x107* | 1x10°*
g 0.49 13.7(b)| —45.6

Pm; Primary membrane stress

P;t Primary local membrane stress

’

Stress concentration factor=4

Pys Primary bending stress
Frequency of uses Naj; Allowable frequency of repetition DF; Coefficient of fatigue accumulation Sm;

strength MS; Margin of safety ¥ (b); Bending component

Q; Secondary stress F; Peak stress

Sa; Repeated peak stress intensity Nj

Design stress intensity Sy; Design yield strength Su; Design tensile

3404050175?:-—25
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Table(II1)-A.16 Stress Evaluation Results undér the Stacking Test

Unit of stress & stress intensity: N/mm?

Stress and
stress intensity

Evaluation of

| ) . composite . .
Stress |Stress Stress | Stress Evaluation of primary stress intensity stress intensity Fatigue evaluation
S imposed |imposed | imposed | imposed ‘ (primary + secondary)
Ei by by the by by
z aotoning|proqoure fpunernar | Loading | PPy PP
. : g p expansion Pn(P) Sy MS Pu+Py | 1.5m MS Bm s Sa N Na DF S
Location where orce 3 +Q H}+F
evaluation conducted

Ur - -
(A)| Provecrine container Ts - - - - 3.43 | 171 | 48.8 — — — — — — — — — - — —
Tz - 3.43

ANSTEC
APERTURE
CARD

Also Available on
Aperture Card

Pm; Primary membrane stress Pp: Primary local membrane stress Py; Primary bending stress Q; Secondary stress F; Peak stress Sa; Repeated peak stress intensity Nj
Frequency of uses

Na; Allowable frequency of repetition DF; Coefficlent of fatigue accumulation Sm; Design stress intensity Sy; Design yield strength Su; Design tensile
strength MS; Margin of safety

*s Stress concentration factor=4 |
cl"lO"lOSOrm "26 (10)-A-46




Table(II)-A.17 Stress Evaluation Results under 9 m Bottom End Vertical Drop (1/1)

Unit of stress & stress intensity: N/mm?

Stress and
stress intensity Evaluation of primary stress intensity
3 Stress imposed Stress imposed Stress imposed
—g by initial by the internal by the impact —
o fastening force pressure
Pm (PL) 2/ 35u MS PL+Pb Su MS
Location where
evaluation conducted
Tr _‘0.09
@ Capsule nozzle O - —0.48 158.6 294 0.85 - - -
Oz —0.24 158.4
: | o | - —274(b)
‘o, - - ~82.2(b)
d g2 - -
® Capsule flange - — _— 274 4-41 0.60
: | o - 274 (b)
“ o — — 82.2(b) ANSTEQC
i s n B APERTURE
CARD-
Or —0.09 -
_ Also Availableon
@ Capsule body hull part Os — —2.923 — 62.7 204 3.67 _ Apertiire Cargl _
o —1.16 61.6
flo- —0.071 -
Center of primary a
@ container body ':_u‘ Te — 0. 11 - 23.4 294 11 .5 - - -
hull part g
il o 0.02 —23.3
Sy/1.5 Sy
@ Valve cover tie down bolts 274 0.49 18.9(b) 274.5 0.61 293.4 1.26
=444 =666

Pm; Primary membrane stress Pr,t Primary local membrane stress Phi Primary bending stress Sy; Design yield strength Suj Design tensile strength MS; Margin of safety

404050179~ /e



Table (I[)-A.18 Stress Evaluation Results

under 9 m Top End Vertical Drop (1/1)

Unit of stress & stress intensity: N/mm?

Stress and

stress intensity

Evaluation of primary stress intensity

a Stress imposed Stress imposed Stress imposed
2 by initial by the internal by the impact
o fastening force pressure
Pm (PL) 2./3Su MS PL+Pb Su MS
Location where
evaluation conducted
Or —0.09 -
@ Capsule nozzle o . _0.48 —_ 158.3 294 0.85 - —_ —
Oz —0.24 —158.4
s | o - 274 (b)
i o, - ~ 82.6 (b)
& o - - -
Capsule flange —_ _— —_ 274 441 O 60
3 | o, - —274(b)
o, - - —82.6(b)
£
2oz - —
Sy/1.5
@ Capsule flange fixing bolts —_— — 52.0 52.0 7.53 | _ AN'STEC: _
— APERTURE
f‘l\!’fﬁ
\~7 2 VR4
Or 0.09 -
Also Available pn
(D) | capsute boay muld pare | o — ~2.23 - 62.7 294 3.68 — Aperture Card -
Oz —1.16 —61.6
Or —0.071 -
®| *ptaran 7o - 0.99 - 105.4 294 1.78 - - -
Oz 0.49 —104.9
Or 1.06 —116.4
E)| ooz ot primary | g, — 1.06 —116.4 119.2 294 1.46 - — 8
o ~0.04 3.91 9404050179.— 2’,
Sy/1.5 Sy
@ Valve cover tie down bolts 274 0.49 18.9(b) 274.5 0.61 293.4 1.26
=444 =666

Pm;

Primary membrane stress

Pr: Primary local membrane stress

Py3 Primary

bending stress Sy; Design yield strength

Su; Design tensile strength MS; Margin of safety

(1) -A-48




Table(l1)-A.19 Stress Evaluation Results under 9 m Horizontal Drop (1/1)

Unit of stress & stress intensity: N/mm?

Stress and

stress intensity

Evaluation of primary stress intensity

= Stress imposed Stress imposed Stress impﬁsed
S by initial by the internal by the impact
o fastening force pressure
Pn (Pp) 2/ 38u MS PL+Pb Su MS
Location where
evaluation conducted
Tr —0.09 -
(o3 _0.48 -
@ Capsule nozzle — , 0.39 294 752 104.2 441 3.23
0z —0.24 103.9(b)
T - 2.1
Or 0.09 -
Capsule body Bull pare | O - —9.32 —215.2(b) 68.3 294 3.30 217.6 441 1.02
02 —1.16 —67.0
ANSTEC
APERTURE .
@ Capsule flange fixing bolts — - 367.2(b) - - CARD 367.2 0-81
=666
4!30 Avaliable o
Aperture Card
ar —0.071 —64.8
@ Cente;ozf, ﬁzit;a;zr:ontainer Os _ 0.11 — 64.9 294 3_ 53 — — —
(0281 0.02 -
) o Sy/1.5 Sy
@ ?f'mary container lid 280.8 1.49 72.4(b) 282.3 0.57 354.7 0.87
tie down bolts =444 =666
Or —0.071 -
Primar container
(B Frimeer = e Te - 0.99 —~ 1.06 294 276.3 21.4 441 19.6
0z 0.49 20.8(b)

Pm; Primary membrane stress
(b); bending component

Pr: Primary local membrane stress

Py3 Primary bending stress

Sy; Design yield strength Suj; Design tensile strength MS; Margin of safety

q4o4050179 —29
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Table(II)-A.20 Stress Evaluation

Results under 9 m Bottom

End Corner

Drop (1/1)

Unit of stress & stress intensity: N/mm?

Stress and
stress intensity Stress imposed Evaluation of primary stress intensity
v Stress im d i d by the impact
= posed [ Stress impose
a by initial by the internal
E; fastening force pressure
Horizontal Vertical Pn (P.) 2 /3Su MS PL+Pb Su MS
Location where component component
evaluation conducted i
O« —-0.48 - "'
(A) | capsute nozzle —~ 141.8 294 1.07 245.8 441 0.79
(g3 —0.24 103.9(b) 141.6
14 - 2.1 -
Or —0.09 - -
63) Capsule body hull part s - —2.32 —181.3(b) - 2.95 294 38.6 183.7 441 1.40
Oz —1.16 —56.5 54.8
§ Or bt - _263 (b)
"l o — - - —73.7(b)
s 0z - - -
@ Capsule flange — — — 263 441 0.67
?’: O r - - 263 (b)
Sl o - - - 73.7(b)
3 . _ . _
or —0.071 —63.2 -
Center of primary container APERTURE
O | Oe - 0.11 — — 63.4 294 3.63 — CARD -
o2 0.02 ~ ~20.9 Atso Avalisble of

Pm; Primary membrane stress

Prt Primary local membrane stress

Pp; Primary bending stress

Sy; Design yield strength Suj; Design tensile strength MS; Margin of safety

9‘40'405‘0)7‘?]“ 80 (11)-4-50




Table(11)-A.21 Stress Evaluation Results under 9 m Top End Corner Drop (1/1)

Unit of stress & stress intensityv: N/mm?

Stress and

stress intensity Stress imposed Evaluation of primary stress intensity

o Stress imposed | Stress imposed by the impact'
2 by initial by the internal
o fastening force pressure ‘
Horizontal Vertical Pm (PL) 2,/ 3Su MS PL+Pb Su MS
Location where component component
evaluation conducted
Or —0.09 - -
@ Oe - —6.48 - - 141.9 294 1.07 245.9 441 0.79
Capsule nozzle
Oz —0.24 —103.9(b) | —141.6
4 - 2.1 -
agr —0.09 - -
® Capsule body hull part Os . _2.32 _— 181'3(b) —_ 112.4 294 1.61 183,5 4»41 ].40
o —1.16 —56.5 —54.8
Or - 263 (b)

o - - 73.7(b) ANSTE:
APERTURE
©)! capsste sisnge 7= " " CARD

Upper surface

I 263 441 0.67

g | O - —263(b) Also Avaliable gn
o re La
5| 0g ~ - —71.5(b) pert ’
':é Tz - -
@ Capsule flange fixing bolts — - 278.5(b) 43.4(b) - - - 336.4 Sy:666 0.97
Sy/1.5 | Sy
@ Primary container lid tie down bolts 280.8 1.49 60.0 (b) 68.2(b) 282.3 0.57 410.5 0.62
— 444 =666
Or —0.071 - —
Center of primary container
<:> lid hull part T — 0.99 - - 94.6 294 2.10 111.8 44] 2.94
Oz 0.49 —17.2(b) —94.1

Pm; Primary membrane stress Pr: Primary local membrane stress Pp; Primary bending stress Sy; Design yield strength Suj; Design tensile strength MS; Margin of safety

C'LfO"‘OSO'-??\‘" 3 ‘I (I)-4-51




75-v-(1m)

Table (II}-A.22 Evaluation Results of Penetration in Drop
Test TII
(1) Deformation
Minimum thickness | Deformation in | Deformation in| Thickness after
No. Location evaluated before deformation| drop test I drop test II drop of shock
' (mm ] {mm] {mm) absorber [mm]
a |Top-end of.provective 217 143.1 5.3 68.6
b giiiaiizi of protective 217 137.3 5.3 4.4
c Egitagizz of protective 117 80.2 5.3 31.5
(2) Deformation strain
, _ Design
No. Location evaluated Design criteria eriteria Analysis results | Margin of safety
values
a Zgﬁgzgﬁegf Protective | peformation strain 407, 3.8% 9.5
b zziiagizz of protective Deformation strain 407 3.8% 9.5
c Eﬁiiagizz of protective Deformation strain 407 3.8% 9.5




Table(ll)-A.23 Stress Evaluation Results under the Accident Conditions of Transport (Thermal test)(1/4)

Unit of stress & stress intensity: N/mm?

3 -Streis and censit Stress imposed Stress imposed Evaluation of primary stress intensity
-2 . stress intensity by initial by the internal
£ !Location where yin y
o evaluatio: conducted fastening force pressure Pm (PL) 2//23SU MS PL{+‘Pb Su HS L
Or —0.11
Center of capsule body hull part O— o —_— — 3 . OO
@ 2.89 268 91.7 — — —
Oz —1.50
or 7.44(b)
:
H
Ly — 7.44(b)
g
Center of capsule body . 0z 0
0.11 268 2435 7.44 402 83.0
3
8
£ | 0z —0.22

Alsc Available ¢

ANSTEC

APERTURE

CARD

ool
|

)
Aperture Card

!

Pm; Primary membrane stress

(b); Bending component

Pr: Primary local membrane stress

Ppi Primary bending stress

Sy; Design yield strength Su; Design tensile strength MS; Margin of safety

9904050179 — 32 .




Table(I1)-A.23 Stress Evaluation Results under the Accident Conditions

of Transport (Thermal test)(2/4)

Unit of stress & stress intensity: N/mm?

= -Streis and consit Stress imposed Stress imposed Evaluation of primary stress intensity
2 ' stress intensity by initial by the internal
£ |Location where y v
o evaluation conducted fastening force pressure Pm (PL) 2//?3SU ) MS PL+Pb Su MS -
© Center of p;iﬁrgai:ncainer body Os _ O . 19 O 31 268 863 5 — — —
. 0.03
o —4.87(b)
:
H
:,’, Oe - —4 .87 (b)
&
g ~0.12
Ce £ prima contai bod 3
<:> mces of prinary concainer body 0.06 268 4.46 %10 4.87 402 81.5
o 4.87(b)
g
o, — 4.87(b)
& Oz 0

ANSTEC

APERTURE

CARD

Also Available pn

Aperture Card

!

Pm; Primary membrane stress
(b); Bending component

Prt Primary local membrane stress

Pps Primary bending stress

Sy; Design yield strength Suj Design tensile strength MS; Margin of safety

aqoqosm'm‘-33 s




Table(I1)-A.23 Stress Evaluation Results under the Accident Conditions of

Transport (Thermal test)}(3/4)

Unit of stress & stress intensity: N/mm?

Pm; Primary membrane stress
(b); Bending component

Pyt Primary local

membrane stress

Py; Primary bending stress

3 -Stre:s and Censit Stress imposed Stress imposed Evaluation of primary stress intensity
2 . Stress intensity by initial by the internal
=3 h y . y
o I;:Zii::rilo: zzzducted fastening force pressure Pm (PL) Z/BSU MS PL+ Pb Su MS -
o —1.08(b)
P o, - —0.32(b)
) Oz - —
@ Flange of primary container bedy - - — 1008 Sy - 144 132' 3
Or 1 .OES(b)
—
gz -
or —0.06
Center of primary container
1id hull par O s — 1.69
® e ’ 1.75 268 152.1 - ANSTEC -
02 0.85 APERTURE
o . 1.81 Alsc Avallable dn
Center of primary container 1lid Apeﬂum Card
G| s - 1.81 1.81 268 189 - - -
0z - O . 06

Sy; Design yield strength Suj; Design tensile strength MS; Margin of safety

qdoHos0179 '~ 3 LI-’ e




Table(I1)-A.23 Stress Evaluation Results

under the Accident Conditions

of Transport (Thermal test)(4/4)

Unit of stress & stress intensity: N/mm?

Location where

Symbol

‘Stress and
stress intensity

evaluation conducted

Stress imposed
by initial
fastening force

Stress imposed

by the internal

Evaluation of primary stress intensity

Pn (PL)

2./3Su

MS

PL+Pb

Su

MS

Flange of primary container body

ANSTEC
APERTURE

ARD~

Also Available on
Apdrture Card

1.70

Sy
=144

83.7

Primary container lid inside O-ring
displacement

=2.49%X10"* [mn]

w
0 =1.1

At=8 — 0 =1.0997 [mnm)

[mm] *

*; O-ring cross section diameter: 5.6 mm, O-ring slot depth: ‘4.5 o

Primary container tie down bolts

283.5

Sy 1.5
=414

0.46

Center of valve cover

0.06

268

4.46%103

12.4

402

31.4

®

Valve cover tie down bolts

o 700
M 0o — 0.51(b)
L - -
o —1.70(b)
"" Ts - —0.51(b)
Ll -

) Displacement

s ét_li;zl displacensnt of

@ meriio spiscement of

280.8 2.53
g | O —12.4(b)
E T - —12.4(b)
i [0 =
s |or 12.4(b)
s - 12.4(b)
ez o
O b 274 0.84

274.8

Sy/1.5
=414

0.50

Pm; Primary membrane stress P12
(b); Bending component

q40Y0S0 179 - 3 5 .

Primary local membrane stress Py; Primary bending stress Sy; Design yield strength Su; Design tensile strength MS; Margin of safety




Table(l[)-A.24 Stress Evaluation Results under 15 m Depth Immersion Test

Unit of stress & stress intensity: N/mm?

Stress and
stress intensity . : i
Evaluation of primary stress intensity Remarks (buckling)
2 Stress imposed
Ei by external |
wn pressure : Buckling of primary container lid
‘ hull part
Pm(Py) 2/38u t MS PL+Py Su MS
External pressure: P=0.15MPa.G
i h
Location W ere Allowable external pressure
evaluation conducted Pe=5.67MPa. G
Or —"O .075 Margin of safety: MS=36.8
@ Center of p;iﬁrga::ntainer lid s —2.08 2.01 294 145.2 - - - iz;ll(li:§t°f primary container
Oz _1 . 04 External pressure: P=0.15MPa-.G
o | 2.2 g e e
c f primary contai 1id _— -_ - - rgi safety: MS=348.
enter o E;pnen: garznt iner e 2'24 2.08 294 135.1 Margin of ety: MS=348.3
Oz —0.08
Or —0.150
©)| st o, | —0.2 0.09 294 365 B B ) ANSTEC
—0.19
_|o: APERTURE
ilor | —6.0400) CARD
3
3 | 0e | —6.04(b) Algo Avaitable on
i o —0.150 Aperture Card
@ Center of primary container 8 z * O 075 294 3 . 19 X 10 3 6 . 04 441 72' 0
body bottom part F] ¢
ilor 6.04 (b)
3
E T¢g 6.04(b)
Elo: 0

Pm; Primary membrane stress

Prt Primary local membrane stress

Py; Primary bending stress Sy; Design yield strength Suj Design tensile strength MS;
(b); Bending component

Q; Secondary stress

9404050179 - 3@

Margin of safety

(II)-A-57



Appendix

The table shows the contrast JIS(Japan Industrial Standard) with ASME.

The value by JIS The value by ASME
(Type 304)
Temp. (C) | Sm | Sy | Su Temp. (T) | Sm Sy Su
RT 137 | 206 | 520 137 206 520
75 137 | 183 | 466 RT (20) (30) (75)
100 1371 171 | 441 . 137 172 430
150 137 | 155 | 422 > (20) (25) (71)
200 129 | 144 | 402 138 155 455
unit:MPa e (20) | (22.5) | (66)
129 143 444
204
(18.7) | (20.7) | (64.4)
unit:MPa
(ksi)
(Type 630)
Temp. (C) | Sm | Sy | Su Temp. (C) | Sm Sy Su
RT 311 726 | 932 310 724 931
75 311| 688 | 847 - (45) | (105) | (135)
100 311 | 666 | 847 310 670 931
150 311 | 641 | 846 » (45) | (97.1) | (135)
200 303 621 826 310 641 931
unit:MPa W (45) (93) | (135)
302 619 906
204
(43.8) | (89.8) | (131.4)
unit:MPa
(ksi)

As shown above, the two criteria(JIS and ASME) are almost same.

(O)-A-58




